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Clinically  Speaking 


66  In  Pressure 
Regulated  Volume 
Control,  as  the 
patient's  compliance 
changes,  the  Servo 
Ventilator  300  with  its 
real-time  control,  adjusts 
to  find  the  lowest 
possible  pressure  to 
deliver  the  guaranteed 
volume.  99 

Peter  J.  Papadakos,  MD 
Attending  Physician,  SICU 


66  Recently,  a  patient 
who  had  ARDS  was 
placed  on  the  ventilator 
in  the  PRVC  mode. 
We  were  able  to 
ventilate  her  with 
consistently  low  peak 
airway  pressures, 
and  she  improved  at 
a  more  rapid  pace  than 
we  anticipated.  99 


66  The  flexibility  of  the 
Servo  300  is  superior. 
With  a  simple  turn  of  a 
dial,  you  can  make 
ventilatory  adjustments 
and  move  between 
different  modes.  99 


66  Just  as  the 
Servo  900C  did  when 
it  was  introduced,  the 
gas  delivery  system  of 
the  Servo  300  has  set 
a  new  standard.  99 


66  In  volume 
support,  the  Servo 
300  automatically 
fine-tunes  the  pressure 
support  level  breath- 
by-breath,  and  frees 
the  therapist  for 
other  duties.  It's 
much  more 
efficient.  99 


66  Patients  feel 
more  comfortable  on 
the  Servo  Ventilator 
300.  And  it  can  be 
used  with  neonates, 
pediatrics,  and  adults— 
one  ventilator, 
versus  many 
ventilators.  99 


Siemens  can  also  bring  you 
the  very  best  in  ventilator  care. 
For  more  information  on 
the  Servo  Ventilator  300® 
or  to  arrange  a  personal 
demonstration,  contact  your 
local  Siemens  representative. 
Or  call  toll-free. 


Siemens  Medical  Systems,  Inc. 

Patient  Care  Systems  Division 
16  Electronics  Avenue 
Danvers,  MA  01923 
Toll-Free  1-800-333-8646 


Siemens... 

technology  in  caring  hands. 
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Get  ahead  of  the  game.  Make  plans  now 
to  attend  the  40th  Annual  Convention 
in  Las  Vegas! 
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Air  enters  through  intake  vents 
mixing  with  aerosol  plume  and 
reversing  its  flow. 


Dynamic  mixing  action 
keeps  smaller  particles  in 
suspension,  lets  larger 
particles  settle  out. 


Cam  action 
advances  inner 
chamber,  opening 
additional  air  vents. 


Aerosol  particles  are 
directed  away  from 
mouth. 


Anatomy  of  a 
Breakthrough 


OptiHaler"  reinvents  MDI  delivery. 

Its  patented  aerodynamic  design  creates  a  more 
effective  aerosol  mixture  —  and  makes  more  of 
that  mixture  available  for  delivery  to  the  lungs  — 
than  ordinary  static  spacers.' 

All  in  a  convenient,  compact  unit  as 
easy  to  use  as  1,2,3. 

1.  Patient  begins  inhaling. 

2.  Patient  presses  and  holds  down 
MDI  canister,  continuing  to  take  a 
full,  deep  breath. 

3.  Patient  holds  breath  for  8-1 0 
seconds. 


To  see  how  your  patients  can  benefit 
from  OptiHaler,  call  1  -800-962-1 266 

or  use  this  coupon. 
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True  Portability 

OptiHaler  goes 
anywhere... and 
the  MDI  canister 
stores  inside. 


Give  your  patients  the  full  benefit  of  their  MDI 
medication.  Recommend  OptiHaler. 

Reference  1  Dala  on  life,  HeallhScan  Products  Inc       U  S  Palenl  No  5.040.527      OA76O0O3-0    4/93 
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Drug  Delivery  System  For  Use  With  Metered  Dose  Inhalers 

The  promise  of  MDI  therapy... delivered. 

From  the  makers  of  ASSESS'' &  Personal  Best"  Peak  Flow  Meters 
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are  mastering 
SMI  therapy  in 
almost  no  time. 
That's  why  I'll 
choose  Coach® 
every  time. 

Thanks,  DHD." 

Brenda  Kalette,  RRT 


With  the 
DHD  Coach 
incentive 
spirometer, 
accurate  SMI 
therapy  is 
-implified 
for  respiratory  patients  and  clinicians  alike. 
An  exclusive  combination  of  features  helps 
"coach"  patients  to  inhale  properly,  maintain 
correct  inspiratory  flowrate,  and  easily  monitor 
their  own  progress.  For  more  information  on 
Coach,  a  free  patient  training  video,  or  the 
entire  line  of  DHD  quality  respiratory  care 
products,  please  call  DHD  toll-free  at 

1-800*847*8000 


ODHD 

DIEMOLDING  HEALTHCARE  DIVISION 

Canostola,  NY  13032  USA 

18001 847  B000  FAX  (315)  697  8083 

(315)6972221 
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Abstracts 


i  hi  Pertinent  Article 


Editorials,  Reviews,  and  Commentaries  To  Note 

A  Word  of  Caution  Regarding  a  New  Long-Acting  Bronchodilator  (editorial! — RC  Bone 
JAMA  1994:27 1  ( 1 8):  1447.  (Pertains  to  D'Alonzoet  a]  paper  abstracted  below.) 

The  Letter  or  the  Spirit:  Consent  for  Research  in  CPR  (editorial I — CM  Olson.  JAMA 
1994:271  (181:1445-1447.  (Pertains  to  Lurie  et  al  paper  abstracted  below.) 

Blunted  Perception  and  Death  from  Asthma  (editorial) — PJ  Barnes.  N  Engl  J  Med 
1 994;330(  1 9):  1 383- 1 384.  (Pertains  to  Kikuchi  et  al  paper  abstracted  on  Page  784. ) 

Experience  with  Pediatric  Lung  Transplantation — TM  Egan.  J  Pediatr  1994:124(2):269. 
(Pertains  to  Noyes  et  al  paper  abstracted  on  Page  784.) 

Nitric  Oxide:   Mediator,  Murderer,  and  Medicine  (review) — E  Anggard.   Lancet 
1994:343(51:1199. 


Salmeterol  Xinafoate  as  Maintenance 
Therapy  Compared  with  Albuterol  in 
Patients  with  Asthma — GE  D'Alonzo.  RA 
Nathan.  S  Henochowicz.  RJ  Morris.  P  Ratner. 
SI  Rennard.  JAMA  1994;271(18):1412. 

OBJECTIVE:  To  compare  the  efficacy  and 
safety  of  inhaled  salmeterol  xinafoate.  a  long- 
acting  /^-adrenoceptor  agonist,  with  that  of  al- 
buterol, a  short-acting  inhaled  /3i-agonist,  in 
the  treatment  of  asthma.  DESIGN:  Random- 
ized, double-blind,  placebo-controlled,  paral- 
lel-group study.  SETTING:  Eleven  outpatient 
clinical  centers.  SUBJECTS:  A  total  of  322 
male  and  female  patients  at  least  12  years  of 
age  with  chronic  symptomatic  asthma  requir- 
ing daily  therapy.  INTERVENTION:  Patients 
were  treated  with  salmeterol  xinafoate  (42  [ig 
inhaled  twice  daily),  albuterol  ( 180  ^g  inhaled 
lour  times  daily),  or  placebo  (four  times  a  day) 
for  1 2  weeks;  patients  in  all  three  groups  could 
use  inhaled  albuterol  as  backup  medication  for 
breakthrough  symptoms.  MAIN  OUTCOME 
MEASURES:  Serial  1 2-hour  forced  expiratory 
How  in  1  second  (FEV|).  peak  expiratory  How 
(PEF).  asthma  symptoms,  nocturnal  awaken- 
ings due  to  asthma,  episodes  of  asthma  exacer- 
bations, and  electrocardiography.  RESULTS: 
The  mean  area  under  (he  curve  lor  FEV| 
throughout  each  12-hour  period  was  consis- 
tently  greater  alter  a  single  dose  ol  salmeterol 
than  alter  Iwo  doses  ol  albuterol  administered 
6  hours  apart  (p  <  0.001).  with  the  difference 
ranging  from  3.1  to  4.3  I.  •  h.  Salmeterol  pro- 

1 i   in  average  increase  in  morning  and 

evening  PEF  of  26  and  29  l./min.  respectively, 
ovei  pretreatmenl  values  compared  with  de- 
creases ol  I  <  ami  3  I. /nun.  respectively,  in 
(he  albuterol  group  and  -2  L/min  both  in  the 


morning  and  evening  in  the  placebo  group  (p  < 
0.001).  Patients  in  the  salmeterol  group  had 
significantly  fewer  days  and  nights  with  symp- 
toms (nan  did  either  the  albuterol  or  placebo 
group  (p  <  0.001).  Responses  to  salmeterol 
were  similar  at  Day  1  and  at  Week  12.  Adverse 
events  in  all  treatment  groups  were  equally  in- 
frequent, and  no  clinically  significant  change 
in  cardiac  rhythm  was  observed  with  salme- 
terol treatment.  CONCLUSION:  Salmeterol 
inhaled  twice  daily  is  more  effective  than  al- 
buterol inhaled  four  times  a  day  (or  as  needed) 
in  patients  with  asthma  requiring  maintenance 
therapy.  No  deterioration  of  asthma  control 
was  observed  with  the  use  of  salmeterol  over  a 
3-month  period. 

Evaluation  of  Active  Compression- 
Decompression  CPR  in  Victims  of  Out-of- 
Hospital  Cardiac  Arrest — KG  Lurie,  JJ 
Shultz,  ML  Callaham,  TM  Schwab.  T  Gisch.  T 
Rector,  et  al.  JAMA  1 994:27 1  ( 1 8):  1 405. 

OBJECTIVE:  Active  compression-decom- 
pression (ACD)  cardiopulmonary  resuscitation 
(CPR)  appears  to  improve  ventilation  and 
coronary  perfusion  when  compared  with  stan- 
dard (PR.  The  objective  was  to  evaluate  po- 
tential benefits  of  this  new  CPR  technique  in 
patients  with  OUt-of-hospital  cardiac  arrest  in 
St  Paul,  Minn.  DESIGN:  10-month,  prospec- 
tive, randomized  parallel-group  design.  SET- 
TING: St  Paul.  Minn,  population  270,000.  PA- 
TIENTS: All  normothermic  victims  of  non- 
traumatic cardiac  arrest  older  than  8  years  who 
received  CPR.  MAIN  OUTCOME  MEA- 
SURES: Return  ol  spontaneous  circulation, 
admission  lo  the  intensive  care  unit  (ICU),  re- 
turn of  baseline  neurological  function  (alert 


and  oriented  to  person,  place,  and  time),  sur- 
vival to  hospital  discharge,  survival  to  hospital 
discharge  with  return  of  baseline  neurological 
function,  and  complications.  RESULTS: 
Seventy-seven  patients  received  standard  CPR 
and  53  patients  received  ACD  CPR.  The  mean 
emergency  medical  services  call  response  in- 
terval was  less  than  3.5  minutes.  When  all  pa- 
tients were  considered,  a  higher  percentage  of 
ACD  CPR  patients  had  a  return  of  spontaneous 
circulation  and  were  admitted  to  the  ICU  vs 
standard  CPR  (45%  vs  31%,  and  40%  vs  269c. 
respectively),  but  these  trends  were  not  statisti- 
cally significant  (p  <  0.10  and  p  <  0.10).  No 
statistically  significant  differences  were  found 
between  hospital  discharge  rates  (12  [23%]  of 
53  for  ACD  CPR  vs  13  [17%]  of  77  for  stan- 
dard CPR),  return  to  baseline  neurological 
function  (10  [19%]  of  53  for  ACD  CPR  vs  13 
1 17%]  of  77  for  standard  CPR).  or  return  to 
baseline  neurological  function  at  hospital  dis- 
charge (9  [17%]  of  53  for  ACD  CPR  vs  12 
[16%]  of  77  for  standard  CPR).  Return  of 
spontaneous  circulation.  ICU  admission,  and 
neurological  recovery  in  both  CPR  groups 
were  highly  correlated  with  downtime  (time 
from  collapse  lo  emergency  medical  system 
personnel  arrival  to  the  scene  in  witnessed  ar- 
rests). With  less  than  10  minutes'  downtime, 
survival  to  the  ICU  was  5991  (19/32)  with 
ACD  CPR  and  33%  (16/49)  with  standard 
CPR  (p  <  0.02).  return  to  baseline  neurological 
function  was  5191  1 10/32)  with  ACD  CPR  and 
20',  (10/49)  with  standard  CPR  (p  =  0.27), 
and  hospital  discharge  rate  was  3891  (12/32) 
with  ACD  CPR  and  2091  (10/49)  « ith  standard 
CPR  (p  =  0.17).  Complication  rates  in  patients 
admitted  to  the  hospital  were  similar  in  both 
groups.  CONCLUSIONS:  This  study  demon 
stiatcs  that  ACD  CPR  appears  to  be  more  el 
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Emergency 

Guidelines:2 
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of  predicted 
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Consider 
hospitalization. 


Doirt 
guess. 

Assess. 


Rapid  initiation  and  close  monitoring  of  therapy  are  vital  to 
successful  ER  management  of  severe  asthma.1  That's  why 
the  ASSESS®  Peak  Flow  Meter  should  be  a  vital  part  of 
your  armamentarium.  ASSESS  lets  you  — 

Measure  airway  obstruction  easily, 
accurately,  cost-effectively. 

Peak  expiratory  flow  rate  (PEFR)  provides  an  objective, 
clinically  relevant  measurement  of  airflow  —  at  a  fraction 
of  the  cost,  bulk,  and  inconvenience  of  conventional 
spirometry.2  And  when  seconds  count,  you  can  count  on 
ASSESS  to  deliver  those  measurements  with  superior 
accuracy  and  reproducibility.3"5 

Evaluate  response  to  therapy  and 
need  for  hospitalization. 

How  is  your  patient  doing?  What  should  you  be  doing? 
From  initial  presentation  through  discharge,  the  rugged, 
compact  ASSESS  gives  you  the  hard  data  you  need  —  as 
often  as  you  need  it — to  help  you  make  informed  treatment 
decisions  in  line  with  NAEP  recommendations.2 

Help  prevent  future  acute  exacerbations. 

Patients  don't  come  back  when  their  maintenance  therapy 
stays  on  track.  Keep  it  on  track  with  ASSESS  —  and  a 
regular  program  of  PEFR  monitoring  at  home,  work,  or 
school  —  as  a  routine  part  of  your  discharge  orders. 

For  more  information  about  how  ASSESS  can  help 
you  deliver  better  asthma  care,  call  HealthScan 
Products  at  1-800-962-1266. 
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ABSTRACTS 


fective  than  standard  CPR  in  a  well-defined 
subset  of  victims  of  oul-of-hospital  cardiac  ar- 
rest during  the  critical  early  phases  of  resusci- 
tation. Based  on  this  study,  a  larger  study 
should  be  performed  to  evaluate  the  potential 
long-term  benefits  of  ACD  CPR. 

Artifactual  Pulse-Oximetry  Estimation  in 

Neonates— HU  Bucher.  M  Keel.  M  Wolf,  K 
von  Siebenthal,  G  Due.  Lancet  1994;343:1 135. 

Two  sources  of  artifactual  pulse-oximetry  esti- 
mation were  investigated  in  20  neonates. 
Increased  pressure  on  tissue  due  to  inappropri- 
ate sensor  fixation  was  mimicked  with  a  blood 
pressure  cuff.  The  error  in  arterial  oxygen  satu- 
ration (pS02)  exceeded  2  SD  (>  3%)  in  25% 
subjects  at  50  mm  Hg  which  in  an  ancillary  ex- 
periment was  produced  by  1 1  of  26  nurses  fix- 
ing the  sensor.  Venous  congestion  at  30  and  40 
mm  Hg  permitted  normal  detection  of  pulse 
rate  but  induced  errors  in  pSO:  over  2  SD  in 
15rr  and  3091  of  subjects,  respectively.  Pulse- 
oximeter  values  need  to  be  scrutinized  for 
these  common  errors. 

Chemosensitivity  and  Perception  of 
Dyspnea  in  Patients  with  a  History  of  Near- 
Fatal  Asthma— Y  Kikuchi,  S  Okabe.  G 
Tamura.  W  Hida,  M  Homma,  K  Shirato,  T 
Takishima.  N  Engl  J  Med  1994;330(  19):  1 329. 

BACKGROUND:  Many  deaths  from  attacks 
of  asthma  may  be  preventable.  However,  the 
difficulty  in  preventing  fatal  attacks  is  that  not 
all  the  pathophysiologic  risk  factors  have  been 
identified.  METHODS:  To  examine  whether 
dyspnea  and  chemosensitivity  to  hypoxia  and 
hypercapnia  are  factors  in  fatal  asthma  attacks, 
we  studied  1 1  patients  with  asthma  who  had 
had  near-fatal  attacks.  1 1  patients  with  asthma 
who  had  not  had  near-fatal  attacks,  and  16  nor- 
mal subjects.  Their  respiratory  responses  to  hy- 
poxia and  hypercapnia.  determined  by  the  stan- 
dard rebreathing  technique  while  the  patients 
were  in  remission,  were  assessed  in  terms  of 
the  slopes  of  ventilation  and  airway  occlusion 
pressure  as  a  function  of  the  percentage  of  arte- 
rial oxygen  saturation  and  end-tidal  carbon 
dioxide  tension,  respectively.  The  perception 
of  dyspnea  was  scored  on  the  Borg  scale  dur- 
ing breathing  through  inspiratory  resistances 
ranging  from  0  to  30.9  cm  of  water  per  liter  per 
second.  RESULTS:  The  mean  (±  SD)  hypoxic 
ventilator)  response  (0.14  ±  0.12  liter  per 
minute  pel  percent  of  arterial  oxygen  satura- 
tion) and  airway  occlusion  pressure  (0.05  ± 

0.05  Cm  ol  water  per  percent  ol  arterial  oxygen 
saturation)  were  significantly  lower  in  the  pa- 
iienis  with  near  fatal  asthma  than  in  the  normal 

subjects  (0.60  1  0.35.  p  <  0.001.  and  0.16  ± 

(ins.  p  <  0.001,  respectively)  and  the  patients 
with  asthma  who  had  not  had  neat  fatal  attacks 


(0.46  ±  0.29,  p  =  0.003,  and  0.15  ±  0.09,  p  = 
0.004).  The  Borg  score  was  also  significantly 
lower  in  the  patients  with  near-fatal  asthma 
than  in  the  normal  subjects,  and  their  lower  hy- 
poxic response  was  coupled  with  a  blunted 
perception  of  dyspnea.  CONCLUSIONS: 
Reduced  chemosensitivity  to  hypoxia  and 
blunted  perception  of  dyspnea  may  predispose 
patients  to  fatal  asthma  attacks. 

Inhaled  Nitric  Oxide  in  Infants  Referred  for 
Extracorporeal  Membrane  Oxygenation: 
Dose  Response — NN  Finer.  PC  Etches,  B 
Kamstra.  AJ  Tierney,  A  Peliowski.  CA  Ryan.  J 
Pediatr  1994:124:302. 

To  determine  the  role  of  inhaled  nitric  oxide 
(NO)  in  a  population  of  critically  ill  hypoxic 
near-term  infants  and  to  determine  the  dose  re- 
sponse to  inhaled  NO,  we  examined  a  consecu- 
tive group  of  23  infants  referred  for  neonatal 
extracorporeal  membrane  oxygenation 
(ECMO)  who  had  an  oxygen  index  of  20  or 
greater  after  treatment  with  bovine  surfactant. 
Inhaled  NO  was  administered  in  concentra- 
tions from  5  to  80  ppm  in  random  order  to  23 
infants.  Overall.  13  infants  had  a  significant  re- 
sponse (an  improvement  in  arterial  oxygen 
pressure  >  10  mm  Hg  or  arterial  oxygen  satura- 
tion >  10%)  to  the  first  administration  of  in- 
haled NO.  and  one  infant  had  a  late  response. 
There  was  no  significant  difference  in  the  re- 
sponse to  inhaled  NO  as  measured  by  changes 
in  arterial  oxygen  pressure  or  in  the  alveolar- 
arterial  difference  in  partial  pressure  of  oxygen 
for  any  of  the  doses  from  5  to  80  ppm.  Thirteen 
infants  had  echocardiographic  evidence  of  per- 
sistent pulmonary  hypertension;  1 1  of  these  in- 
fants responded,  compared  with  3  responders 
among  the  10  infants  without  persistent  pul- 
monary hypertension  of  the  newborn  (p  < 
0.01).  Overall,  11  infants  required  ECMO; 
there  were  two  deaths  in  this  group.  Seven  in- 
fants had  congenital  diaphragmatic  hernia;  five 
of  those  had  a  response  to  NO  inhalation  and 
four  required  ECMO.  Our  study  demonstrates 
that  there  is  no  significant  difference  in  re- 
sponse between  low  and  high  doses  of  inhaled 
NO  and  that  this  treatment  may  prevent  the 
need  for  ECMO  in  some  infants  referred  for 
this  therapy,  especially  in  infants  with  pul- 
monary hypertension.  Prospective,  controlled. 
randomized,  and  blinded  trials  of  low  doses  of 
inhaled  NO  are  needed  to  determine  the  clini- 
cal role  of  this  potentially  useful  therapy. 

Experience  with  Pediatric  I. ung  Transplan- 
tation— BE  Noyes,  G  Kurland,  DM  Orenstein. 
FJ  Frickcr,  JM  Armitage.  J  Pediatr 
I994;I24(2):26I. 

Ik. in  lung  transplantation  and  lung  transplan 
tation  have  become  accepted  techniques  in 


adult  patients  with  end-stage  cardiopulmonary 
disease.  We  report  here  our  experience  be- 
tween July  1985  and  March  1993  with  34  chil- 
dren (<  20  years)  who  underwent  heart-lung  (n 
=  18)  or  lung  transplantation  (n  =  17). 
Indications  for  transplantation  included  cystic 
fibrosis  (n  =  9).  congenital  heart  disease  with 
Eisenmenger  complex  (n  =  9).  primary  pul- 
monary hypertension  (n  =  8).  pulmonary  arteri- 
ovenous malformations  (n  =  2),  desquamative 
interstitial  pneumonia  (n  =  2).  Proteus  syn- 
drome with  multicystic  pulmonary  disease  (n  = 
1).  graft-versus-host  disease  (n  =  I),  rheuma- 
toid lung  disease  (n  =  1).  and  bronchiolitis 
obliterans  and  emphysema  (n  =  1 ).  Twenty-six 
patients  (76r<{)  have  survived  from  1  to  88 
months  after  transplantation:  most  patients 
have  returned  to  an  active  lifestyle.  Of  the 
eight  deaths,  four  were  due  to  infections,  two 
to  multiorgan  failure,  one  to  posttransplanl 
lymphoproliterative  disease,  and  one  to  donor 
organ  failure.  Four  of  the  patients  who  died 
had  cystic  fibrosis.  Despite  considerable  mor- 
bidity related  to  infection,  rejection,  and  func- 
tion of  the  heart-lung  and  lung  allograft  in 
some  patients  our  results  with  this  potentially 
lifesaving  procedure  in  the  pediatric  popula- 
tion have  been  encouraging. 

Comparison  of  Manual  and  Mechanical 
Chest  Percussion  in  Hospitalized  Patients 
with  Cystic  Fibrosis — ML  Bauer.  J 
McDougal,  RA  Schoumacher.  J  Pediatr 
1994;124(2);250. 

We  compared  the  efficacy  of  manual  and  me- 
chanical chest  percussion  during  hospitaliza- 
tion for  acute  exacerbations  of  cystic  fibrosis 
by  evaluating  changes  in  spirometry  values. 
Fifty-one  participants  were  randomly  assigned 
to  receive  manual  or  mechanical  chest  percus- 
sion three  times  a  day.  Twenty-two  participat- 
ed during  one  subsequent  admission  and  were 
assigned  to  the  opposite  form  of  chest  percus- 
sion. The  two  groups  were  equal  in  severity  of 
illness  (mean  National  Institutes  of  Health 
score  [±  SEM]:  manual  =  66.7  ±  2.2:  mechani- 
cal =  65.8  ±  2.2:  p  =  not  significant).  Mean  im- 
provement in  forced  expiratory  volume  at  I 
second,  forced  vital  capacity,  and  forced  expi- 
ratory flow  between  2591  and  7591  of  forced 
vital  capacity  (±  SEM)  for  manual  percussion 
was  32.6%  ±  7%,  27.2%  ±  5r; .  and  38.1%  ± 
III.,  and  for  mechanical  percussion  was 
28.591  ±  4',.  28.791  ±  4%,  and  25.191  ±  8',. 
respectively;  p  =  not  significant.  Our  partici- 
pants did  not  prefer  mechanical  chest  percus- 
sion. Although  equal  efficacy  of  outpatient 
therapy  remains  to  he  proved,  this  study  sug- 
gests that  patients  can  be  encouraged  to  use  the 
form  ol  chest  percussion  that  they  prefer. 
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Enlighten  us  with  your  new  product  idea, 
and  brighten  your  financial  future, 

If  you've  got  a  good  idea  for  a  new  respiratory  care  product,  and  would 
like  to  capitalize  on  it,  please  talk  to  us.  We're  DHD,  a  major  manufacturer  of 
quality  respiratory  care  products,  and  we're  always  looking  for  new  product 
ideas  which  will  improve  the  quality  and  delivery  of  health  care.  Our  ACE 
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a  few  examples  of  products  originating  from  medical  practitioners  like  you. 
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of  course,  and  contains  valuable  information  on  the  research  and  develop- 
ment process,  royalties,  legal  protection,  disclosure  forms,  and  much  more. 
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ACLS  INSTRUCTOR  COURSE 

TO  BE  OFFERED  BEFORE  AARC  ANNUAL  MEETING  IN  LAS  VEGAS 

On  Friday,  December  9,  an  American  Heart  Association  (AHA)  Instructor  Course  will  be 
offered  in  conjunction  with  the  AARC  Annual  Meeting.  The  course  will  be  held  at  the  Las 
Vegas  Convention  Center  (site  of  all  AARC  Annual  Meeting  activities),  from  7:30  AM  to  6:00 
pm  Successful  participants  will  be  eligible  to  receive  an  ACLS  instructor  card  from  their  local 
AHA  chapter  after  teaching  a  course  under  the  guidance  of  an  experienced  ACLS  instructor. 
The  course  is  being  sponsored  by  the  AARC  Focus  Group  on  Resuscitation  in  Acute  Care 
Hospitals.  Becoming  an  instructor  will  allow  the  successful  individual  to  participate  in  teach- 
ing ACLS  to  respiratory  care  practitioners. 

•  Registrants  need  to  be  current  ACLS  providers  and  provide  a  recommendation  from  their 
last  ACLS  course  director  that  they  have  potential  to  be  an  ACLS  Instructor. 

•  Cost  for  the  course  is  $1 75  per  person.  Deadline  for  registration  is  November  1 ,  1 994. 

•  Minimum  number  of  registrants  is  18  (otherwise  the  course  will  be  canceled);  maximum  is 
36. 

•  Use  registration  form  in  the  Advance  Program  for  the  AARC  Annual  Meeting  which  will  mail 
in  late  summer  to  all  AARC  members.  Register  early  to  ensure  your  place  in  this  unique 
course. 

American  Association  for  Respiratory  Care 
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The  Kffect  of  Directly  Observed  Therapy  on 
the  Rates  of  Drug  Resistance  and  Relapse  in 
Tuberculosis — SE  Weis.  PC  Slocum.  FX 
Blais.  B  King,  M  Nunn.  GB  Matney,  et  al.  N 
Engl  J  Med  1994:330(17):!  179. 

BACKGROUND:  Tuberculosis  has  reemerged 
as  an  important  public  health  problem,  and  the 
frequency  of  drug  resistance  is  increasing.  A 
major  reason  for  the  development  of  resistant 
infections  and  relapse  is  poor  compliance  with 
medical  regimens.  In  Tarrant  County.  Texas, 
we  initiated  a  program  of  universal  directly  ob- 
served treatment  for  tuberculosis.  We  report 
the  effect  of  the  program  on  the  rates  of  prima- 
ry and  acquired  drug  resistance  and  relapse 
among  patients  with  tuberculosis.  METHODS: 
We  collected  information  on  all  patients  with 
positive  cultures  for  Mycobacterium  tubercu- 
losis in  Tarrant  County  from  January  1,  1980. 
through  December  31,  1992.  Through  October 
1986,  patients  received  a  traditional,  unsuper- 
vised drug  regimen.  Beginning  in  November 
1986.  nearly  all  patients  received  therapy 
under  direct  observation  by  health  care  person- 
nel. RESULTS:  A  total  of  407  episodes  in 
which  patients  received  traditional  treatment 
for  tuberculosis  (January  1980  through 
October  1986)  were  compared  with  581 
episodes  in  which  therapy  was  directly  ob- 
served (November  1986  through  December 
1 992 ).  Despite  higher  rates  of  intravenous  drug 
use  and  homelessness  and  an  increasing  rate  of 
tuberculosis  during  this  1 3-year  period,  the  fre- 
quency of  primary  drug  resistance  decreased 
from  13.0%  to  6.7%  (p  <  0.001)  after  the  insti- 
tution of  direct  observation  of  therapy,  and  the 
frequency  of  acquired  resistance  declined  from 
14.0%  to  2. 1  %  (p  <  0.001 ).  The  relapse  rate  de- 
creased from  20.9%  to  5.5%  (p  <  0.001),  and 
the  number  of  relapses  with  multidrug-resis- 
tant  organisms  decreased  from  25  to  5  (p< 
0.001 ).  CONCLUSIONS:  The  administration 
of  therapy  for  M  tuberculosis  infection  under 
direct  observation  leads  to  significant  reduc- 
tions in  the  frequency  of  primary  drug  resis- 
tance, acquired  drug  resistance,  and  relapse. 


Trends  in  Cigarette  Smoking  among  US 
Physicians  and  Nurses — DE  Nelson.  GA 
Giovino,  SL  Emont.  K  Brackbill,  LL  Cameron. 
J  Peddicord,  PD  Mowery.  JAMA  1994; 
271(161:1273. 

OBJECTIVE:  To  determine  trends  in  cigarette 
smoking  prevalence  among  physicians,  regis- 
tered nurses,  and  licensed  practical  nurses 
since  1974.  DESIGN:  Analyses  ol  data  on 
smoking  prevalence  among  persons  2(i  years 
of  age  and  older  using  combined  National 
Health  Interview  Survey  data  seis  from  1974, 


1976,  and  1977;  1978,  1979.  and  1980:  1983 
and  1985:  1987  and  1988;  and  1990  and  1991. 
MAIN  OUTCOME  MEASURES:  Prevalence 
of  cigarette  smoking  and  average  annual 
change  in  smoking  prevalence.  RESULTS: 
Based  on  the  data  for  1990  and  1991.  there 
were  an  estimated  18,000  physicians,  322.000 
registered  nurses,  and  128.000  licensed  practi- 
cal nurses  who  smoked  cigarettes  in  the  United 
States.  Compared  with  1974.  1976,  and  1977. 
by  1990  and  1991  cigarette  smoking  preva- 
lence had  declined  from  18.8%  to  3.3%  among 
physicians  (average  annual  decline  of  1.15  per- 
centage points);  from  31.7%  to  18.3%  among 
registered  nurses  (average  annual  decline  of 
0.88  percentage  point);  and  from  37.1%  to 
27.2%  among  licensed  practical  nurses  (aver- 
age annual  decline  of  0.62  percentage  point). 
CONCLUSION:  Since  1974.  cigarette  smok- 
ing has  declined  most  rapidly  among  physi- 
cians, at  an  intermediate  rate  among  registered 
nurses,  and  at  a  lower  rate  among  licensed 
practical  nurses.  Because  of  their  important 
roles  as  exemplars  and  health  educators,  per- 
sons in  these  occupations  should  not  smoke. 


Head  Extension  and  Laryngeal  View  during 
Laryngoscopy  with  Cervical  Spine  Stabi- 
lization Maneuvers — RH  Hastings.  PR 
Wood.  Anesthesiology  1994;80(4):825. 

BACKGROUND:  Direct  laryngoscopy  fre- 
quently is  modified  in  patients  with  known  or 
suspected  cervical  spine  injury.  The  goals  of 
this  study  were  to  measure  the  degrees  of  head 
extension  required  to  expose  the  arytenoid  car- 
tilages and  glottis  if  neck  flexion  were  not  pos- 
sible and  to  determine  whether  in-line  stabi- 
lization maneuvers  alter  the  amount  of  head 
extension.  METHODS:  The  subjects  were 
anesthetized  patients  with  normal  cervical 
spines  and  Mallampati  class  1  oropharyngeal 
views.  Head  extension  was  measured  relative 
to  a  line  drawn  perpendicular  to  the  table. 
Stabilization  consisted  of  either  passive  immo- 
bilization, with  the  head  held  flat  against  a 
rigid  board,  or  axial  traction.  RESULTS: 
Without  stabilization,  arytenoid  cartilage  ex- 
posure and  the  best  view  of  the  glottis  was 
achieved  with  a  10  ±  5"  (mean  ±  SD)  head  ex- 
tension and  a  15  ±  6°  head  extension,  respec- 
tively (n  =  31).  Head  immobilization  reduced 
extension  angles  4  ±  5°  for  arytenoid  exposure 
and  5  +  0  lor  best  uew  compared  with  no  sta 
bilization.  CONCLUSIONS:  Head  immobi- 
lization reduced  head  extension  necessary  for 
laryngoscopy.  If  head  extension  is  construed  to 
be  potentially  dangerous  m  patients  with  cervi- 
cal spine  injuries,  head  immobilization  without 
traction  might  he  the  preferable  stabilization 
technique. 


Prolonged  Inhalation  of  Low  Concentra- 
tions of  Nitric  Oxide  in  Patients  w  ith  Severe 
Adult  Respiratory  Distress  Syndrome — LM 

Bigatello.  WE  Hurford.  RM  Kacmarek,  JD 
Roberts.  WM.  Zapol.  Anesthesiology 
1 994;80(4):761. 

BACKGROUND:  Nitric  oxide  (NO)  inhala- 
tion selectively  decreases  pulmonary  artery  hy- 
pertension and  improves  arterial  oxygenation 
in  patients  with  the  adult  respiratory  distress 
syndrome  (ARDS).  In  this  study  of  patients 
with  severe  ARDS.  we  sought  to  determine  the 
effect  of  inhaled  NO  dose  and  time  on  pul- 
monary artery  pressure  and  oxygen  exchange 
and  to  determine  which  patients  with  ARDS 
are  most  likely  to  show  this  response.  METH- 
ODS: ,  Thirteen  patients  with  severe  ARDS 
(hospital  mortality  67<7r )  inhaled  0-40  parts  per 
million  (ppm)  NO.  Seven  of  these  patients  con- 
tinued to  breathe  2-20  ppm  NO  for  2-27  days. 
RESULTS:  Inhaling  5-40  ppm  NO  decreased 
mean  pulmonary  artery  pressure  in  a  dose-re- 
lated fashion  (from  34  ±  7  to  30  ±  7  mmHg  al 
20  ppm  NO).  Systemic  arterial  pressure  did  not 
change.  The  ratio  of  arterial  oxygen  tension  to 
inspired  oxygen  fraction  increased  (from  126  ± 
36  to  149  ±  38  mmHg)  and  the  venous  admix- 
ture decreased  (from  31.2  ±  5.5  to  28.2  ± 
5.2%)  without  a  clear  dose-response  effect. 
During  prolonged  NO  inhalation.  2-20  ppm 
NO  effectively  reduced  mean  pulmonary 
artery  pressure  (38  ±  7  vs  31  ±  6  mmHg)  and 
increased  arterial  oxygen  tension  (79  ±  10  vs 
1 14  ±  27  mmHg)  without  evidence  of  tachy- 
phylaxis. The  decrease  of  pulmonary  vascular 
resistance  during  NO  inhalation  correlated 
with  the  level  of  pulmonary  vascular  resistance 
without  NO  (r  =  -0.72).  The  reduction  of  ve- 
nous admixture  correlated  with  the  level  of  ve- 
nous admixture  without  NO  (r  =  -0.78).  CON- 
CLUSIONS: Long-term  NO  inhalation  at  low 
concentrations  selectively  decreases  mean  pul- 
monary artery  pressure  and  improves  arterial 
oxygen  tension  in  patients  with  ARDS.  The  se- 
lective pulmonary  vasodilation  effect  is  most 
pronounced  in  ARDS  patients  with  the  greatest 
degree  of  pulmonary  vasoconstriction. 
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I Professors  Rounds 

!  Earn  Each  of  Your  \ 
Staff  CE  Credit  Without 
Travel  Expenses 


Each  live  90-minute 
interactive  program 
presents  case  studies 
with  an  in-depth  look  at 
the  latest  in  respiratory 
care.  And,  your  staff 
can  earn  continuing 
education  credit  without 
ever  having  to  leave 
your  facility. 

All  Broadcast  Times  are 

12:30  to  2:00  p.m.  Eastern  Time 


$250  per  program 

(Nan  AARC  Member  $285) 

Call  VHA  Satellite  Network  at  (214)  830-0061 

Or  mail  to: 

AARC  Videoconferences 

Registration  —  SATNET  4 

P.O.  Box  140909,  Irving,  TX  75014-0061 

Make  Checks  Payable  to  VHA  Satellite  NetH'ork 


A  Continuing  Education  Program 
of  the  American  Association  for 
Respiratory  Care 


Blood  Gas  and  Related  Measurements: 
Laboratory  versus  Bedside  Devices  •  July  26 

Featuring  Barry  R.  Shapiro,  MD 

with  Moderator  Richard  D.  Branson.  RRT 

Presents  the  various  means  of  obtaining  blood  gas 
information,  invasive  and  noninvasive  devices,  the  need 
for  such  devices,  and  when  they  should  be  used. 

Hospital  Operational  Restructuring  and 
Respiratory  Care  •  September  13 

Featuring  Michael  Boroch 

with  Moderator  Sam  P.  Giordano,  MBA,  RRT 

Reviews  restructuring  products,  their  implementation 
results,  their  relationship  to  respiratory  care,  and  ways 
practitioners  and  managers  can  influence  them. 

The  New  Ventilator  Management: 
Permissive  Hypercapnia  and  other 
Variations  on  Conventional  Mechanical 
Ventilation  •  November  8 

Featuring  Neil  R.  Maclntyre,  MD 

with  Moderator  Richard  D.  Branson,  RRT 

Outlines  techniques  and  theories  including  pressure  limited 
ventilation,  reduced  peak  pressure,  permissive 
hypercapnia,  weaning  and  imposed  work  of  breathing,  and 
the  next  generation  of  ventilators. 


Supported  in  part  by  an 
educational  grant  from 
Baxter  Healthcare  Corporation 
I.V.  Systems  Division 
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Respiratory  Care 
Practitioners 
Take  Pride  In 
What  They  Do 

Celebrate  RC  Week 
this  year  by 
demonstrating 

.    your  dedication  to 
your  profession. 
RCPs  across  the 
nation  will  join  you 
In  showing  your  co- 
workers, community, 
family,  and  local 
officials  that  you 

-    care  about  your 
patients,  profession, 

,    and  place  In  the 
health  care 
community. 
Throughout  the 

'   catalog  are  RC  Week 
Ideas  to  show  you 
how  your  fellow 
RCPs  commemorate 

I    RC  Week  and  how 
you  can,  tool 


o  T-shirt 

Rich,  jewel-tone  colors  of  forest  green,  purple,  and 
gold  display  your  professional  pride  on  a  50/50 
cotton/polyester  blend  T-shirt.  Medium,  large,  extra 
large,  and  extra-extra  large  available. 
Item  R16  $9.50  ($11.50  nonmembers) 
Add  $2.50  for  extra-extra  large. 

©Sweatshirt 

Don't  wait  to  order  this  classic  RC  Week 

sweatshirt  in  fashionable  forest  green.  Sweatshirts 

are  50/50  blend.  Medium,  large,  extra  large,  and 

extra-extra  large  available. 

Item  R19  $15  ($16.50  nonmembers) 

Add  $2.50  for  extra-extra  large. 

©RCP  Cap 

Add  the  finishing  touch  to  your  RC  Week 
apparel  with  this  forest  green  cap,  silk- 
screened  in  metallic  gold. 
Item  R17  $6  ($9  nonmembers) 


Thanks  to  Barbara  Hendon,  BA,  RRT,  and  AARC 
employees  Robert  Czachowski,  PhD,  and  Lisa  Best  for 
modeling  the  RC  Week  apparel  in  this  catalog. 


Fax  Your  Order  24  Hours-A-Day  to  (214)  484-2720  or  (214)  484-6010.        3 


©  Display  Banner 

Display  the  qualities  of  dedicated  professionals  on  a 
background  of  purple  with  accents  of  green,  blue,  and 
gold.  New  polymil  material  in  a  new  size.  40"  x  40". 
Item  R4  $9.25  ($13.25  nonmembers) 

©Balloons 

Bright  green,  purple,  gold,  and  blue  balloons  printed 
with  a  transparent  "Respiratory  Care...  Cares"  logo. 
9"  round  latex.  Package  of  100. 
ItemRII   $6.50  ($11.50  nonmembers) 

©Foil  Balloons 

Proclaim  RCP  pride  with  these  metallic-gold 
balloons.  18"  round.  Package  of  three. 
Item  R2  $5  ($10  nonmembers) 

oRCP  Buttons 

With  everyone  on  staff  sporting  these  metallic-gold 
buttons,  your  department  is  sure  to  glow  with  pride. 
Package  of  25. 
Item  R89  $8  ($11  nonmembers) 

©Buttons 

Give  these  buttons  to  show  that  "Respiratory  Care... 

Cares."  Package  of  50. 

Item  R88   $9  ($12  nonmembers) 

©1994  RC  Week  Poster 

Display  this  1  7"  \  25"  poster  in  your  department  or 
cafeteria  to  proclaim  the  respiratory  care  practitioner's 
key  role  on  the  health  care  team.  Sold  with  RC  Week 
dates  before  Oct.  1  and  without  the  dates  after  that. 
ItemRIS  $4  ($8  nonmembers) 


lb  Order  by  <  Iredil  Card  or  Purchase  Order,  Call  the  RC  Week  I  loilme  ,u  (214)620-0301. 


Kgpiratoi 
/^%  Caw 

ARES 


Crepe  Paper 

Colorful  streamers  in  coordinating  colors  decorate 
your  RC  Week  displays.  81  feet  per  roll. 

Item  R18P-Purple  $1.50  ($3  nonmembers) 
Item  R18W-White  $1.50  ($3  nonmembers) 


Respiratory  Care  Practitioners  Make 

Breathing  Easier 


Respiratory  care  practitioners  are  proud  to  be  key  members  of  the 
health  care  team,  providing  the  breath  of  life  to  patients  of  all  ages  in 
the  hospital,  home,  skilled  nursing  facility,  and  other  alternate  sites. 

i 

National  Respiratory  Care  Week — October  2-8,  1994 


Fax  Your  Order  24  Hours-A-Day  to  (214)  484-2720  or  (214)  484-6010.        S 


1994  RC  Week  Order  Form 

Mail  Your  Order,  Call  (214)  620-0301,  Or  Fax  To  (214)  484-2720  Or  (214)  484-6010. 


Bill  To  Address: 

Name 


Address 
City 


State 


Zip 


Member  Number 


Purchase  Order  Number 


Ship  To  Address: 

Institution  

C/O   


Address 
City 


State 


Daytime  Telephone  (in  case  of  a  question) 


Zip 


Quantity        Item  # 


Description 


Shirt  Size       Price  Ea.        Total 


.    .£>& 


tcc«ff>** 


^ — nVft^  ^e& 


o<*>tf> 


^ 


f^ 


\fJv        ^ 


Item  Subtotal 


Method  Of  Payment 


□  Check  or  money  order  enclosed.  Make  payable  to  the  AARC. 

□  Visa    □  MasterCard 


Shipping  &  Handling 
Subtotal 
Texas  Sales  Tax* 


Total 


Card  Number  L 
Expiration  Date  . 


Signature  X_ 


^Tax-exempt  certificate  enclosed. 

*  Texas  customers  only,  please  add  8.25%  sales  tax 
(including  shipping  charges).  Texas  customers  that 
are  exempt  from  sales  tax  must  attach  an 
exemption  certificate. 


Disk  Format 


Shipping  Method 


Specify  size: 


IBM    □  Apple 
V/i"     □  5V4" 


□  UPS  Regular     □  2nd  Day     □  Next  Day 

(Please  allow  48  hours  for  internal  processing.) 


Shipping  Charges 


All  orders  are  shipped  UPS  Regular  unless  you  request 
otherwise.  Allow  two  days  for  order  processing  for  regular 
and  express  shipping.  Addresses  outside  the  continental 
I    ni!<  ,|  States  require  an  additional  $5  tor  orders  up  to  $100; 
add  $10  for  orders  over$100.  ORDERS  RECEIVED  WITHOUT 
SHIPPING  CHARGES  INCLUDED  WILL  BE  RETURNED. 


Shipping 

Order  Total 

Rates 

UPS  Reg. 

UPS  2nd  Day 

Next  Day 

$15  or  less 

$3.25 

$6.00 

$14.00 

$16  to  $30 

$3.75 

$8.00 

$18.00 

$31  to  $50 

$4.50 

$11.00 

$24.00 

$51  to  $75 

$5.50 

$13.00 

$31.00 

$76  to  $100 

$7.00 

$16.00 

$38.00 

$101  to  $125 

$8.00 

$19.00 

$50.00 

$126  to  $150 

$10.00 

$22.00 

$60.00 

$151  or  more 

$12.00 

$27.00 

$75.00 

Mail  To: 

American  Association  for  Respiratory  Care,  1 1030  Abies  Lane,  Dallas,  TX  75229-4593 


INTRODUCING 

ANMSSLUnON 

IN  NEBULIZATION 


Working  Together 

for  Added  FEV! 
in  COPD 


NEW 


(ipratropium  bromide)  3fi 
INHALATION  SOLUTION 


Significantly  raises 
the  efficacy  curve 

In  combination  with  albuterol 


In  patients  with  COPD,  ATROVENT  Inhalation  Solution  plus  albuterol  solution  produced 
significantly  greater  improvement  in  FEVj  than  albuterol  alone.1* 


ATROVENT  Inhalation  Solution  is  a  bronchodilator  for  the 
maintenance  treatment  of  bronchospasm  in  COPD. 


Vluliicwitfi  randomized,  double  blind,  parallel  irial  conducted  in  195  patients  with  COPD  in  whom  pretreatment  mean  FEVi= 39%  of  predicted  normal, 
Please  sir  brief  summary  oj  Prescribing  Information  on  last  page  oj  this  advertisement 


. .  .without  lowering 
the  safety  profile 


The  combination  of  ATROVENT  Inhalation  Solution  and 

albuterol  solution  produced  no  clinically  significant  increase 

in  side  effects  compared  with  albuterol  alone: 


ATROVENT  Inhalation  Solution  has  a  low  incidence 
of  systemic  anticholinergic  side  effects.3 


The  use  of  ATROVENT  Inhalation  Solution  as  a  single  agent  for  the  relief  of  bronchospasm  in  acute  COPD  exacerbation 
has  not  been  adequately  studied.  Drugs  with  faster  onset  of  action  may  be  preferable  as  initial  therapy  in  this  situation. 

Combination  of  ATROVENT  and  beta  agonists  has  not  been  shown  to  be  more  effective  than  either  drug  alone  in 
reversing  the  bronchospasm  associated  with  acute  COPD  exacerbation. 

ATROVENT  should  be  used  with  caution  in  patients  with  narrow-angle  glaucoma, 
prostatic  hypertrophy  or  bladder-neck  obstruction. 

Please  see  Prescribing  Information  for  all  adverse  events,  regardless  of  drug  relationship, 
reported  in  the  12-week  controlled  trials  of  ATROVENT  Inhalation  Solution. 


}J?W 


ATR  VENT 

(ipratropium  bromide)  »si 
INHALATION  SOLUTION 

Added  efficacy  without  added  side  effects* 

*V?hen  used  in  combination  with  a  beta- agonist  solution.  ATROVENT  does  not 
significantly  increase  side  effects  associated  with  the  beta  agonist  alone. 


ATR  VENT 

(ipratropium  bromide)  "IS- 
INHALATION  SOLUTION 


ADDED  EFFICACY  WITHOUT  ADDED  SIDE  EFFECTS1 


AtrovenP 

(ipratropium  bromide) 

Inhalation  Solution 

Briel  Summary  of  Prescribing  Information 

CONTRAINDICATIONS  Atrovent'  (ipratropium  bromide)  is  contraindicaled  in  known  or  suspected  cases  ol 
hypersensitivity  to  ipratropium  bromide,  or  to  atropine  and  its  derivatives 

WARNINGS  The  use  ol  Atiovent"  (ipratropium  bromide)  Inhalation  Solution  as  a  single  agent  lor  the  reliel  ol 
bronchospasm  in  acute  COPD  exacerbation  has  not  been  adequately  studied  Drugs  with  taster  onset  ol  action  may 
be  preferable  as  initial  Iherapy  in  this  situation  Combination  ol  Atrovenl  and  beta  agonists  has  not  been  shown  to  be 
more  effective  than  either  drug  alone  in  reversing  the  bronchospasm  associaled  with  acute  COPD  exacerbation 
PRECAUTIONS  General  Atrovent  (ipratropium  bromide)  should  he  used  with  caution  in  patients  with  narrow 
.inglpg.d.     "  i  ;'    'AU  ',;;-"    \  hiy  k  bLiilii-r  iimlK  iitr.lm,  li  'I 

Information  lor  Patients  Patients  should  be  advised  that  temporary  blurring  of  vision,  precipitation  or  worsening 
ot  narrow-angle  glaucoma  or  eye  pain  may  result  it  the  solution  comes  into  direct  contact  with  the  eyes  Use  of  a 
nebulizer  with  mouthpiece  lather  than  face  mask  may  be  preferable  to  reduce  the  likelihood  ot  the  nebulizer  solution 
reaching  the  eyes  Patients  should  be  advised  that  Atrovenl  Inhalation  Solution  can  be  mixed  in  the  nebulizer  with 
albuterol  it  used  within  one  hour  Compatibility  data  are  not  currently  available  with  other  drugs  Patients  should  be 
reminded  that  Atrovent  Inhalation  Solution  should  be  used  consistently  as  prescribed  throughout  the  course  ot  therapy 
Drug  Interactions  Airovent  has  been  shown  to  be  a  sale  and  effective  bronchodilator  when  used  in  conjunction 
with  beta  adrenergic  bronchodilators  Atrovent  has  also  been  used  with  other  pulmonary  medications,  including 
methylxanthines  and  corticosteroids  without  adverse  drug  interactions 

Carcinogenesis,  Mutagenesis,  Impairment  of  Fertility  Two-year  oral  carcinogenicity  studies  in  rats  and 
mice  have  revealed  no  carcinogenic  potential  at  dietary  doses  up  to  6  mg/kg/day  ot  Atrovent  Results  ot  various 
mutagenicity  studies  (Ames  lest,  mouse  dominant  lethal  test,  mouse  micronucleus  lesl  and  chromosome  aberration 
ol  bone  marrow  in  Chinese  hamsters)  were  negative  Fertility  ot  male  or  female  rats  at  oral  doses  up  to 
50  mg/kg/day  was  unaffected  by  Atrovenl  administration  At  doses  above  90  mg/kg,  increased  resorption  and 
decreased  conception  rales  were  observed 

Pregnancy  TERATOGENIC  EFFECTS  Pregnancy  Category  B  Oral  reproduction  studies  performed  in  mice,  rats  and 
rabbits  at  doses  of  10, 100,  and  125  mg/kg  respectively,  and  inhalation  reproduction  studies  in  rats  and  rabbits  at 
doses  of  15  and  1  8  mg/kg  (or  approximately  38  and  45  times  the  recommended  human  daily  dose)  respectively, 
have  demonstrated  no  evidence  of  teratogenic  effects  as  a  result  ot  Atrovenl  However,  no  adequate  or  well- 
controlled  studies  have  been  conducted  in  pregnant  women  Because  animal  reproduction  studies  are  not  always 
predidive  of  human  response,  Atrovenl  should  be  used  during  pregnancy  only  if  clearly  needed 
Nursing  Mothers  It  is  riol  known  whether  Airovent  is  excreted  in  human  milk  Although  lipid-msoluble  quaternary 
bases  pass  into  breast  milk,  il  is  unlikely  thai  Airovent'  (ipratropium  bromide)  wouid  reach  the  inlant  to  a  significant 
extent  especially  when  taken  by  inhalation,  since  Atrovenl  is  not  well  absorbed  syslemically  after  inhalation  or  oral 
administration  However,  because  many  drugs  are  excreted  in  human  milk,  caution  should  be  exercised  when 
Airovent  is  administered  to  a  nursing  woman. 

Pediatric  Use  Salety  and  effectiveness  in  children  below  the  age  ol  12  have  not  been  established 
ADVERSE  REACTIONS  Adverse  reaction  information  concerning  Atrovent'  (ipratropium  bromide)  Inhalation 
Solution  is  derived  Irom  12-week  active-controlled  clinical  trials  Additional  information  is  derived  Irom  foreign 
post-marketing  experience  and  the  published  literature 

All  adverse  events,  regardless  ol  drug  relationship,  reported  by  three  percent  or  more  patients  in  the  12-week 
controlled  clinical  trials  appear  in  the  table  below 

All  Adverse  Events,  Irom  Double- blind.  Parallel.  12-week  Studies  ol  Patients  with  COPD' 


All  Adverse  Events,  from  Double-blind,  Parallel,  12-week  Studies  ol  Patients  with  COPD' 


PERCENT  OF  PATIENTS 

Atrovent'      Alupent       Atrovent  /Alupent 
(500mcgtid)  (15mglid)        (500  meg  1 1  d/ 
n=219  n=212  15mghd) 


Albuterol     Atrovent /Albuterol 
(25mgtid)        (500mcglid/ 
n=205  25mgtid) 

n=100 


PERCENT  OF  PATIENTS 

Atrovent'      Alupent*      Atrovent'/Alupenf 

(500  meg  1 1  d)  (15  mg  1 1  d)        (500  meg  1 1  d/ 
n=219  n=212  15mgti.d) 


Albuterol     Atrovent  /Albuterol 
(25mgtid)        (500  meg  t  id/ 
n=205  25mgt.i.d) 


Cardiovascular 
Disorders 

Hypertension/ 
Hypertension 


Inlluenza-like  symptoms   3  7 
Back  pain  32 

Chest  pain  32 


Central  &  Peripheral 

Nervous  System 

Dizziness 

Insomnia 

Tremor 

Nervousness 

Gastrointestinal 
System  Disorders 

Mouth  Dryness 


Musculoskeletal 
System  Disorders 
Arthritis  09  14  09  05  30 

Respiratory  System 
Disorders  (Lower) 

Coughing  46  80  65  54  60 

Dyspnea  96  132  16  7  12.7  90 

Bronchitis  14  6  245  15  7  166  200 

Bronchospasm  2  3  28  46  54  5  0 

Spulum  Increased  14  14  46  34  00 

Respiratory  Disorder  00  61  65  20  4  0 

Respiratory  System 
Disorders  (Upper) 

Upper  Respiratory 

Tract  Infection  132  113  9  3  122  160 

Pharyngitis  3  7  4  2  56  2  9  4  0 

Rhinitis  2.3  4  2  19  24  00 

Sinusitis  2  3  2  8  09  54  4  0 

'All  adverse  events,  regardless  ol  drug  relationship,  reported  by  three  percent  or  more  patients  in  the  12-week 
controlled  clinical  trials 

Additional  adverse  reactions  reported  in  less  than  three  percent  ot  the  patients  trealed  with  Airovent  include 

tachycardia,  palpitations,  eye  pain,  urinary  retention,  urinary  tract  infection  and  urticaria.  A  single  case  ol 

anaphylaxis  thought  to  be  possibly  related  to  Atrovenl  has  been  reported  Cases  ol  precipitation  or  worsening  ol 

narrow-angle  glaucoma  and  acule  eye  pain  have  been  reported. 

Lower  respiratory  adverse  reactions  (bronchitis,  dyspnea  and  bronchospasm)  were  the  most  common  events 

leading  lo  discontinuation  ol  Atrovent  Iherapy  in  the  12-week  trials  Headache,  mouth  dryness  and  aggravation  ol 

COPD  symptoms  are  more  common  when  the  total  daily  dose  ol  Airovent  equals  or  exceeds  2,000  meg 

HOW  SUPPLIED  Atrovent   (ipratropium  bromide)  Inhalation  Solution  Unit-Dose  Vial  is  supplied  as  a  002% 

clear,  colorless  solution  containing  25  ml  with  25  vials  per  loil  pouch  (NDC  0597-0080-62)  Each  vial  is  made 

from  a  low  density  polyethylene  (LDPE)  resin 

Consult  package  insert  before  prescribing 

AS-BS-9/93 


"  When  used  in  combination  with  a  beta-agonisl  solution,  ATROVENT  does  not  significantly  increase  side  effects  associated  with  the  beta  agonist  alone. 

References:  1.  Levin  DC,  Little  KS  Laughlln  KR,  Galbralth  |M  ipratropium  bromide  solution  In  COPD  augments  extent  and  duration  ofFEV,  Increases  achieved  b)  albuterol  up  to 
85  days  Cbesi  1993  104(suppl  to  No  ii  I  US  Atetract  2.  Data  on  file,  ftoehringerlngelhelm  Pharmaceuticals,  Inc  $.  ATROVENT  (ipratropium  bromide)  inhalation  Solution  full 
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The  Effect  of  Time  and  Warming  on  Breathing  Circuit  Compliance 

Kim  L  Valeri  MS  RRT,  Thomas  V  Hill  MS  RRT,  Arthur  A  Taft  MHS  RRT, 
Shelley  C  Mishoe  MEd  RRT,  and  Cynthia  J  Phillips  BS  RRT 


BACKGROUND:  Some  microprocessor-controlled  ventilators  correct  the  gas  volume  deliv- 
ered to  the  patient  to  compensate  for  volume  lost  due  to  the  compliance  of  the  breathing  cir- 
cuit it'i:,  » .  Because  Cbc  is  usually  calculated  only  when  the  circuit  is  initially  placed  in  use, 
changes  in  Cbc  'hat  occur  over  time  for  various  reasons  may  result  in  inaccurate  correction  of 
delivered  tidal  volume  (  Vt  ).  The  purpose  of  this  study  was  to  determine  w  nether  Cbc  changed 
with  time.  MATERIALS  &  METHODS:  We  measured  the  compliance  of  3  different  types  of 
breathing  circuits  (BCs)  attached  to  a  ventilator  set  at  Vy  =  1.0  L,  f  =  12,  Vmax  =  60  L/min,  and 
Fio2  =  0.21.  After  an  initial  measurement  of  compliance,  the  BC  were  heated  to  34°C  inside  an 
isolette,  connected  to  a  test  lung,  and  ventilated  for  48  hours.  The  compliance  of  the  test  lung 
was  adjusted  so  that  peak  inspiratory  pressure  was  50  cm  H2O.  Five  samples  of  each  BC  were 
tested.  Compressible  volume  was  measured  at  1,  3,  6,  12,  24,  and  48  hours  by  injecting  air 
from  a  calibration  syringe  into  the  BC  (with  all  ports  capped)  until  pressure  reached  100  cm 
H2O.  The  exhalation  valve  was  opened  and  the  released  volume  was  measured  with  a  calibra- 
tion analyzer.  The  study  was  then  repeated  with  the  circuits  maintained  at  room  temperature. 
Data  were  analyzed  using  analysis  of  variance  and  Tukey's  honestly  significant  differences 
tests  with  the  level  of  significance  set  at  0.05.  RESULTS:  There  was  no  significant  difference  in 
Cbc  of  the  Hudson  ethylene  vinyl  acetate  circuit  (mean  [SD]  1.50  [0.08]  mL/cm  HiO,  p  =  0.26) 
and  Puritan-Bennett  polyethylene  circuit  (1.47  [0.06]  mL/cm  H2O,  p  =  0.24)  over  48  hours. 
Cbc  increased  from  2.31  (0.06)  mL/cm  H20  to  2.52  (0.06)  mL/cm  H20  during  the  first  hour  in 
the  Hudson  kraton  circuit,  and  the  difference  was  significant  (p  <  0.001,  1  hour  vs  time  zero); 
there  was  no  significant  difference  after  the  1  hour  measurement  (p  =  0.67, 1  hour  vs  all  subse- 
quent time  periods).  There  was  no  significant  difference  in  calibration  of  the  unheated  cir- 
cuits. CONCLUSION:  Although  we  found  a  statistically  significant  increase  in  the  compliance 
of  the  Hudson  kraton  circuit,  there  were  no  clinically  important  changes  in  the  compliance  of 
any  of  the  breathing  circuits  over  a  48-hour  period.  It  may  not  be  necessary  to  recalculate 
breathing  circuit  compliance  for  the  purpose  of  correcting  Vt  delivered  to  the  patient  after  the 
initial  setup.  [RespirCare  1994:39(8 1:793-796.] 
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Background 

During  mechanical  ventilation,  the  tidal  volume  (V-r) 
delivered  to  the  patient  is  monitored  closely  and  attempts 
are  made  to  minimize  variation  in  its  value.  Other  investi- 
gators have  reported  that  a  portion  of  the  VT  set  on  a  me- 
chanical ventilator  never  reaches  the  patient  but  remains  in 
the  ventilator,  humidifer,  and  inspiratory  circuit  due  to 
compressed  volume.1'6  One  of  the  reasons  given  for  this 
compressed  volume  is  the  compliance  of  the  breathing  cir- 
cuit.2 This  loss  of  volume  may  be  clinically  important  and 
may  require  adjustments  in  the  V*x  set  on  the  ventilator  to 
compensate  for  its  loss.  Campbell  et  al  studied  the  effects 
of  temperature  on  breathing  circuit  compliance  and  report- 
ed that  Cbc  increased  with  temperature.1 
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Ventilators  incorporating  microprocessor  controls, 
which  are  able  to  compensate  for  the  volume  lost  due  to 
the  compliance  of  the  breathing  circuit  (Cbc)  have  become 
more  common  in  respiratory  care  in  recent  years. 
Breathing  circuit  compliance  is  generally  only  calculated 
when  the  circuit  is  initially  placed  in  use  such  as  during  the 
extended  self  test  (EST)  used  by  the  Puritan-Bennett  7200 
series.*  On  the  7200  series,  the  pneumatic  system  corrects 
each  mandatory  breath  for  the  compliance  of  the  breathing 
circuit.  The  compliance  volume  is  calculated  by  multiply- 
ing the  Cbc  (calculated  during  the  EST)  by  the  average 
peak  inspiratory  pressure  (PIP)  of  the  last  four  mandatory 
breaths.  This  compliance  volume  is  then  added  to  the  Vy 
set  and  this  corrected  Vj  is  delivered  on  the  subsequent 
breath.7  The  BEAR-5  ventilator  allows  the  practitioner  to 
enter  a  circuit  compliance  factor  to  be  used  by  the  ventila- 
tor to  automatically  correct  the  Vx  so  that  the  set  Vx  is  ac- 
tually delivered  to  the  patient. s  However,  if  breathing  cir- 
cuit compliance  changes  during  the  time  the  circuit  is  in 
use,  and  compliance  has  not  been  recalculated,  the  micro- 
processor may  make  an  inaccurate  adjustment  to  set  Vt- 
None  of  the  studies  we  identified  measured  changes  in  Cbc 
over  time.  Because  changes  in  Cbc  may  result  in  changes 
in  delivered  Vx.  we  investigated  the  effect  of  time  on  Cbc- 
Because  breathing  circuits  are  generally  heated  during 
clinical  use,  we  investigated  the  separate  effects  of  time 
and  warming  on  Cbc- 


LC3 


MA  2+2  Isolette  TTL 

Fig.  1.  Diagram  showing  the  breathing  circuit  lying  inside  the  incu- 
bator heated  to  34°C.  It  is  connected  to  the  ventilator  (MA  2+2)  and 
lung  simulator  (TTL). 


Materials  and  Methods 

We  measured  the  compliance  of  three  different  types  of 
disposable  breathing  circuits  of  equal  length  (Hudson 
ethylene  vinyl  acetate  [EVA],  Hudson  kraton  [HK],  and 
Puritan-Bennett  polyethylene  |PBP|).  Five  circuits  of  each 
type  were  tested.  Circuits  were  attached  to  a  Bennett 
MA2+2  ventilator  with  the  humidifier  by-passed  and  to  a 
lung  simulator  (Fig.  I).  An  initial  compliance  measure- 
ment was  taken  and  circuits  were  then  heated  to  34"C  in- 


side an  infant  incubator  for  48  hours.  The  ventilator  was 
set  with  VT  =  1 .0  L,  f  =  1 2,  Vmax  =  60  L/min.  FIO:  =  0.21. 
The  compliance  of  the  lung  simulator  was  adjusted  to 
maintain  a  peak  inspiratory  pressure  of  50  cm  H:0. 

The  ventilator's  manometer  and  Vx  control  setting  were 
calibrated  prior  to  each  testing  session  using  a  calibration 
analyzer.  Compliance  was  measured  initially  and  at  1,3,  6, 
12.  24,  and  48  hours  by  injecting  air  from  a  calibration  sy- 
ringe into  the  circuit  with  all  ports  capped.  We  closed  the 
exhalation  valve  by  injecting  20  mL  air  into  its  supply  line. 
A  one-way  valve  was  placed  between  the  syringe  and  in- 
spiratory limb  of  the  breathing  circuit  to  isolate  the  circuit 
during  compliance  measurements.  Air  was  injected  until 
pressure  reached  100  cm  H2O  as  indicated  on  the  ventila- 
tor manometer.  The  exhalation  valve  was  opened  and  the 
released  volume  was  measured  with  the  calibration  analyz- 
er (Fig.  2).  Cbc  was  calculated  by  dividing  the  released 
volume  by  100  cm  H^O. 


Calibrating 
Syringe 


■-& 


1-Way  Valve 


> 


Stopper 

I 


Small 
Syringe 


1 


"■-- 


Exhalation  Valve 


*  Supplier*,  arc  identified  in  tin-  Product  Sources  section  at  the  end  ol  the 
text. 


Fig.  2.  Diagram  showing  method  of  measuring  compressed  volume 
using  a  calibrating  syringe  and  calibration  analyzer.  The  small  sy- 
ringe was  used  to  inject  air  to  close  the  exhalation  valve  of  the  cir- 
cuit during  compliance  measurements. 

We  repeated  the  study,  maintaining  the  circuits  at  room 
temperature  in  order  to  investigate  the  effects  of  time  alone 
on  CBc- 

Data  were  statistically  analyzed  using  a  two-way  analy- 
sis of  variance  with  time  and  circuit  type  as  factors  for  both 
the  heated  and  room-temperature  circuit  model  and  the 
level  of  significance  set  at  0.05.  For  the  statistically  signif- 
icant analysis  of  variance,  Tukey's  honestly  significant 
differences  tests  were  performed  to  determine  which 
means  were  significantly  different  from  each  other.'1 '" 

Results 

Under  the  conditions  of  warming  described  earlier, 
there  was  no  significant  change  in  the  compliance  of  the 
EVA  or  the  PBP  circuits  over  48  hours.  However,  the  com- 
pliance of  the  HK  circuit  changed  significantly  during  the 
first  hour.  These  data  are  shown  in  Table  1.  There  was  no 
significant  difference  in  compliance  of  the  HK  circuit  dur- 
ing the  2-48  hour  time  period  (p  =  0.67).  At  room  tempera- 
ture, there  was  no  significant  change  in  the  compliance  of 
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Table  1 .       Mean  (SD)  Values  for  Circuit  Compliance  during  Conditions  of  Heat  and  Room  Temperature 


Heated 


Unheated 


At  Setup  At  1  Hour  p  Value 


At  Setup  At  48  Hours        p  Value 


Puritan-Bennett       1.47(0.06)  1.47(0.05)  0.24 

HudsonEVA  1.50(0.08)  1.51(0.05)  0.26 

Hudsonkraton        2.31(0.06)  2.52(0.06)  <  0.001  > 


1.46(0.06)  1.47(0.08)  0.24 

1.51(0.08)  1.52(0.07)  0.26 

2.31(0.07)  2.33(0.06)  0.10 


*Analysis  of  variance  and  Tukey's  honestly  significant  differences  test  on  the  heated  vs  room-temperature  circuit. 


any  of  the  circuits  over  48  hours.  These  data  are  also 
shown  in  Table  1. 

There  was  no  significant  difference  in  Cbc  between  the 
heated  and  unheated  EVA  (p  =  0.26)  or  PBP  (p  =  0.3 1 )  cir- 
cuits. The  difference  between  the  heated  and  unheated 
conditions  of  the  HK  circuit  was  significant  (p  <  0.001). 

Discussion 

This  study  was  designed  to  determine  whether  breath- 
ing circuit  compliance  changed  over  time  in  three  different 
types  of  disposable  breathing  circuits  under  conditions  of 
heat  and  room  temperature.  The  compliance  values  we 
measured  were  similar  to  those  reported  by  Campbell  et  al3 
(Table  2).  although  we  did  not  find  any  significant  differ- 
ence in  Cbc  of  the  heated  EVA  and  PBP  circuits  during  the 
first  hour,  which  is  while  the  circuits  were  being  heated  to 
34°C  None  of  the  previous  studies1,2,4,5  investigated  the 
compliance  of  these  particular  BC  brands.  Cote  and  col- 
leagues5 studied  only  anesthesia-type  circuits  (Q  and 
Mapelson)  that  are  not  commonly  used  in  the  intensive 
care  unit.  Forbat  and  Her4  included  the  volume  compressed 
within  the  ventilator  making  their  estimates  of  Cbc  much 
higher  than  ours.  The  range  of  values  for  Cbc  reported  by 
Hess  et  al2  and  Bartel  et  al1  were  1.4-2.6  mL/cm  HiO  and 
0.9-3.8  mL/cm  H2O,  respectively,  and  similar  to  those  we 
report.  The  difference  in  BC  brands  and  evaluation  meth- 
ods among  our  studies  may  account  for  the  differences  in 
results. 

Table  2.     Mean  (SD)  Breathing  Circuit  Compliance  Values  (mL/cm 
HiO) — Our  Data  and  Those  of  Campbell  et  al1 


Circuit 

Condition 

Campbell  et  al 

Valeri  et  al 

Puritan-Bennett 

Unheated 

1.68(0.1) 

1.47(0.06) 

Heated 

1.96(0.2 

1.46(0.06) 

Hudson  EVA 

Unheated 

1.78(0.1) 

1.50(0.08) 

Heated 

1.84(0.2) 

1.51  (0.08) 

Hudson  kraton 

Unheated 

3.24(0.2) 

2.31  (0.06)' 

Heated 

and  Tukey's  hone 
erature  circuit. 

3.54(0.3) 
ily  significant  differen 

2.52  (0.06) 

*  Analysis  of  variance 
heated  vs  room-tem| 

*es  test  on  the 

With  the  HK  circuits,  we  found  a  significant  increase  in 
compliance  at  the  end  of  the  first  hour.  This  increase  may 
be  due  to  the  heating  of  the  circuit,  as  reported  by 
Campbell  et  al,3  and  not  to  any  changes  that  might  have  oc- 
curred due  to  some  other  mechanism  (eg,  wear  from  re- 
peated stretching)  over  time.  We  found  no  significant 
changes  in  Cbc  of  unheated  circuits  over  a  48-hour  period. 
However,  we  saw  a  significant  increase  in  Cbc  of  the  HK 
circuit  between  the  heated  and  unheated  conditions  at  all 
time  periods.  These  results  support  the  conclusion  that  the 
difference  in  Cbc  of  the  heated  HK  circuit  was  due  to  the 
heating  of  the  circuit,  and  not  to  changes  that  occur  over 
time.  Although  this  difference  in  Cbc  was  statistically  sig- 
nificant, it  may  not  result  in  clinically  important  changes  in 
delivered  VT.  For  example,  at  a  set  Vj  of  0.8  L  with  a  peak 
airway  pressure  of  40  cm  H2O,  the  volume  lost  to  circuit 
compliance  of  the  HK  circuit  would  be  92  mL  in  the  un- 
heated circuit  and  101  mL  in  the  heated  circuit,  a  differ- 
ence of  only  9  mL  (1%  of  set  VT).  However,  with  the  use 
of  small  Vxs,  that  9  mL  difference  in  compressed  volume 
could  be  important  (eg,  9  mL/180  mL  =  5%).  We  also 
found  that  the  breathing  circuit  compliance  did  not  change 
significantly  over  a  48-hour  period  when  using  either  the 
EVA  or  the  PBP  circuits.  Therefore,  it  may  not  be  neces- 
sary to  recalculate  breathing  circuit  compliance  for  the 
purpose  of  correcting  Vj  delivered  to  the  patient  for  up  to 
48  hours  of  use.  We  found  no  change  in  Cbc  of  the  HK  cir- 
cuit after  the  first  hour.  Considering  the  above  caveats, 
when  using  HK,  it  may  be  prudent  to  recalculate  the  Cbc 
once  the  circuit  has  reached  its  operating  temperature. 

Additional  investigations  of  the  effect  of  humidity,  air- 
way pressure,  and  other  stresses  on  compliance  when  ap- 
plied to  these  and  other  circuits  are  indicated.  Future  re- 
searchers may  find  it  enlightening  to  examine  changes  in 
Cbc  when  the  circuits  are  humidified.  Due  to  the  limita- 
tions imposed  by  our  test-lung  system,  we  were  unable  to 
humidify  the  circuits  we  tested.  One  author  has  raised  the 
question  of  whether  breathing  circuits  may  be  used  for  ex- 
tended periods  (a  week  or  more  in  certain  circum- 
stances)," and  examination  of  circuit  performance  beyond 
the  48-hour  time  period  used  in  our  study  may  be  useful.  A 
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clinical  study  may  also  be  useful  in  determining  the  effects 
of  changes  in  breathing  circuit  compliance  on  the  Vj  actu- 
ally delivered  to  the  patient.  Because  we  investigated  only 
three  BC  brands,  further  study  of  other  commercially 
available  BCs  is  required  to  determine  their  specific  char- 
acteristics. 

Although  we  found  a  statistically  significant  increase  in 
the  compliance  of  one  of  the  three  circuits  we  tested  (HK). 
there  were  no  clinically  important  changes  in  the  compli- 
ance of  any  of  the  breathing  circuits  over  a  48-hour  period. 
Therefore  it  may  not  be  necessary  to  recalculate  breathing 
circuit  compliance  for  the  purpose  of  correcting  the  set  Vj 
to  ensure  delivered  Vj. 


Incubator: 

Airshields  Isolette  Infant  Incubator.  Model  C-86.  Narco 
Health  Co.  Hatboro  PA 

Calibration  Analyzer: 

Timeter  RT-200.  Allied  Healthcare  Products  Inc.  St 
Louis  MO 

Calibration  Syringe: 

Hamilton  Model  S-1000.  Hamilton  Medical  Inc.  Reno 
NV 
Statistical  Software: 

Execustat  v. 2.0,  Strategy  Plus  Inc.  available  from  PWS-Kent 
Publishing,  Boston  MA 
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CORRECTION 

In  the  April  1994  issue  of  the  Journal  [Respir  Care  l994;39(4):347-362],  an  error  was 
made  in  Table  4.  The  third  equation  (from  Dillard  et  al.  Reference  25)  was  incorrect.  The 
correct  equation  should  be  as  shown  below. 

0.453  (Pao2ground)  +  (0.386)  ('/,  predicted  KF.V, )  +  2.440 

We  regret  the  error. 
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AARC  Clinical  Practice  Guideline 


Ventilator  Circuit  Changes 


CC  1.0       PROCEDURE: 


VCC  3.0       SETTING: 


[Changing  the  mechanical  ventilator  circuit  in  set- 
ings  other  than  the  home,  a  component  procedure 
|!)f  continuous  mechanical  ventilation 


VCC  2.0       DESCRIPTION/DEFINITION: 


This  Guideline  is  confined  to  the  institutional  set- 
ting. 

3.1  Intensive  care  units 

3.2  Acute  and  extended  care  units 

3.3  Skilled  nursing  facilities 


The  ventilator  circuit  change  consists  of  placing  a 
jclean  ventilator  circuit  on  an  operating  mechanical 
jventilator.  Ventilator  circuits  may  be  either  dispos- 
able (designed  for  single-patient  use)  or  reusable  and 
may  or  may  not  contain  heated  wires.  The  ventilator 
circuit  may  consist  of  various  components:  gas  deliv- 
ery tubing  (large  bore),  monitoring  tubing  (small 
bore),  humidifier,  heat-and-moisture  exchanger 

ij  (HME,  which  in  this  guideline  includes  hygroscopic 
condenser  humidifiers,  or  HCHs),  humidifier  water 
reservoir,  thermal  monitoring  probes,  machine  fil- 
ters, spirometer,  water  traps,  medication  delivery  de- 
vice (small  volume  nebulizer,  MDI  chambers  or 

■  adapters),  large  volume  nebulizer,  or  'secondary'  hu- 
midifiers with  gas  reservoirs  as  components  of  con- 
tinuous or  parallel  IMV  gas  delivery  circuits. 

2.1  The  objectives  of  the  ventilator  circuit 
change  procedure  as  described  are 

2.1.1  to  limit  the  occurrence  of  nosocomial 
infection  acquired  as  a  consequence  of  en- 
dotracheal intubation  or  tracheostomy  and 
ventilatory  support; 

2.1.2  to  assure  that  the  ventilator-circuit 
system  maintains  its  physical  integrity  and 
proper  function; 

2.1.3  to  provide  a  circuit  that  is  clean  in  ap- 
pearance; 

2.1.4  to  minimize  the  risk  of  harm  to  the 
patient  and  health  care  personnel  during 
the  process  of  changing  the  circuit. 


VCC  4.0       INDICATIONS: 

The  decision  to  change  a  ventilator  circuit  should  be 
governed  by 

4.1  length  of  time  the  existing  circuit  has  been  in 
use;1'" 

4.2  type  of  circuit  and  humidification  device  in 

use.  1.3.6-20 

4.3  circuit  function  (presence  of  a  malfunction- 
ing circuit  or  a  circuit  that  leaks); 

4.4  appearance  of  ventilator  circuit  (circuits  that 
are  not  clean  in  appearance  should  be  replaced). 

VCC  5.0       CONTRAINDICATIONS: 

5.1  Presence  of  conditions  in  the  patient's  car- 
diopulmonary or  neurologic  status  that  might 
make  tolerance  of  disconnection  from  mechani- 
cal ventilation  hazardous  to  the  patient 

5.2  Inability  to  safely  and  effectively  ventilate  or 
maintain  patient  during  the  ventilator  circuit 
change 

5.3  Absence  of  a  clean  and  functional  circuit  to 
use  as  a  replacement 

VCC  6.0       HAZARDS/COMPLICATIONS: 

6.1  Patient's  condition  may  predispose  him  or 
her  to  harm  or  injury  during  the  changing  pro- 
cess: 
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6.1.1  hemodynamic  instability, 

6.1.2  hypo-  or  hyperoxia  with  sequelae, 

6.1.3  hyper-  or  hypocapnia, 

6.1.4  airway  obstruction, 

6.1.5  artificial  airway  displacement, 

6.1.6  contamination  of  patient  or  staff  from 
exposure  to  material  in  circuit.8-2128 

6.2  Patient  may  not  be  safely  maintained  during 
disconnection  from  the  ventilator: 

6.2.1  inappropriate  or  inadequate  ventila- 
tion (f  and/or  V-p). 

6.2.2  inappropriate  or  inadequate  oxygena- 
tion (FIO:  and/or  PEEP), 

6.2.3  inappropriate  increase  in  work  of 
breathing, 

6.2.4  airway  obstruction. 

6.3  Inability  to  assure  that  the  replacement  cir- 
cuit has  been  safely  and  effectively  disinfected 
and  that  it  is  operationally  sound2930 

6.3.1  Transmission  of  pathogens  to  patient 
and  to  health  care  personnel 

6.3.2  Hazards  of  exposure  to  residual  toxic 
disinfectants  or  associated  disinfectant  by- 
products30 

6.3.3  Malfunctioning  or  suboptimally 
functioning  ventilator  or  circuit 

6.3.4  Failure  to  assure  proper  ventilator 
function  with  patient  reconnection  (ie,  cor- 
rect settings,  absence  of  leaks,  functioning 
alarms,  proper  valve  placement31) 

6.3.5  Potential  for  patient-ventilator  dis- 
connection31 

6.4  Manipulation  and  disconnection  of  the 
ventilator  tubing  can  cause  contaminated  ven- 
tilator condensate  to  spill  into  the  patient's  air- 
way, exposing  the  patient  to  further  risk  of  in- 
fection.8'21"24'26-28 

6.5  Changing  ventilator  circuits  more  frequently 
than  is  necessary  may  increase  the  risk  of  noso- 
comial pneumonia.823 

6.6  Failure  to  assure  proper  ventilator  function 
prior  to  reinstituting  mechanical  ventilation  may 
endanger  patient.31 


VCC  7.0        LIMITATIONS  OF  PROCEDURE: 

7.1    Evidence  suggests  that   routine  circuit 
changes  (more  frequently  than  every  48  hours) 


do  not  provide  any  advantage  in  controlling  in- 
fections acquired  by  patients  while  being  me- 
chanically ventilated. 3513'23'28'32 

7.2  Controversy  exists  concerning  the  frequency 
at  which  ventilator  circuits  should  be  changed  to 
minimize  patient  infection. 1"13"2a23'24'26'32"36 

7.3  Controversy  exists  concerning  the  influence 
that  circuit  design  and  the  presence  of  various 
circuit  components  have  on  the  safe  interval  of 
circuit  change. 

7.3.1  The  type  of  humidification  device 
used  may  influence  circuit  change  inter- 

va]  8, 12- 15-20.24.26,33-37 

7.3.2  Use  of  heated  vs  non-heated  circuits 
may  influence  circuit  change  interval.6'7-910 

7.3.3  Use  of  disposable  vs  reusable  circuits 
may  influence  circuit  change  inter- 

val_4,24,26,27 

7.3.4  Use  of  aerosol  generators  (nebuliz- 
ers) may  influence  circuit  change  inter- 

val  2.21.29.37 

7.4  Changing  ventilator  circuits  too  frequently 
may  incur  added  patient  or  institutional  expense 
and  deliver  no  additional  infectious  disease  pro- 
tection to  the  patient.4-61123 

VCC  8.0       ASSESSMENT  OF  NEED: 

8.1  Objective — limiting  the  transmission  of  in- 
fection 

8.1.1  Reliance  on  published  Centers  for 
Disease  Control  and  Prevention  (CDC) 
recommendations25'29 

8.1.2  Reliance  on  institutional  standards 
established  by  monitoring  and  surveillance 
and/or  published  research 

8.2  Objective — to  prevent  malfunction  and  to 
maintain  optimal  performance 

8.2.1  Competency  of  the  circuit  should  be 
monitored  for  tubing  leaks. 

8.2.2  In-line  filters  should  be  assessed  for 
increased  resistance.33-37 

8.2.3  Equipment  affected  over  time  by 
water  (eg,  spirometers)  should  be  moni- 
tored. 

8.3  Objective — to  maintain  a  circuit  clean  in  ap- 
pearance: Inspect  appearance  of  circuit. 
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CC  9.0       ASSESSMENT  OF  OUTCOME: 

he  following  should  be  utilized  to  evaluate  the 
;nefit  of  the  ventilator  circuit  change. 

9.1  An  ongoing  infectious  disease  surveillance 
program,  to  include 

9.1.1  Surveillance  of  incidence  of  nosoco- 
mial pneumonia  in  mechanically  ventilated 
patients  in  the  institution 

9.1.2  Surveillance  of  institutional  compli- 
ance with  stated  institutional  policy  on  in- 
fection control  in  mechanically  ventilated 
patients 

9.2  An  ongoing  equipment-malfunction  surveil- 
lance program 

9.3  An  operational  verification,  as  described  in 
the  AARC  Patient- Ventilator  System  Check 
CPG,  immediately  following  circuit  change  to 
assure  physical  integrity  and  proper  function  of 
system36 

VCC  10.0       RESOURCES: 

10.1  Equipment 

10.1.1  Changing  the  circuit 

10.1.1.1  A  clean  (disinfected)  and  oper- 
ational circuit  including  all  of  its  various 
components29-30 

10.1.1.2  A  sterile  source  of  water  if  re- 
quired for  humidification29 

10.1.1.3  An  appropriate  device  for 
maintenance  of  patient  ventilation  dur- 
ing circuit  change  (manual  ventilation 
device  or  mechanical  ventilator),  in- 
cluding PEEP  maintenance  if  indicated 

10.1.2  Surveillance  program 

10.1.2.1  appropriate  bacterial  surveil- 
lance equipment  and  records 

10.1.2.2  appropriate  ventilator  surveil- 
lance equipment  and  records 

10.2  Personnel 

10.2.1  Level  II — trained  personnel  (prefer- 
ably possessing  the  RRT  or  CRTT  creden- 
tial or  a  comparable  credential)  with 
demonstrated  ability  to  apply,  adjust,  and 
troubleshoot  the  ventilator,  provide  altern- 
ative ventilation,  and  monitor  the  patient 

10.2.2  Level  II — trained  personnel  with 


knowledge  of  and  demonstrated  ability  to 
apply  techniques  described  in  10.2.1  and 
bacterial  surveillance  techniques 
10.2.3  Quality  assessment  or  quality  im- 
provement personnel/committee  or  physi- 
cian— personnel  qualified  to  interpret  the 
significance  of  the  results  of  bacterial 
surveillance 

VCC  11.0       MONITORING: 

Monitoring  of  the  ventilator  circuit  change  should 
also  include  observation  of  and  appropriate  re- 
sponse to 

11.1  patient's  hemodynamic  values:  blood  pres- 
sure, heart  rate,  and  rhythm: 

11.2  patient's  oxygenation:  Spo2,  and  Pao2  and 
Sao:  (if  available); 

11.3  patient's  acid-base  and  ventilatory  status: 
Pco:-  and  pH  and  end-tidal  COi  (if  available); 

11.4  patient's  chest  excursion,  color,  appearance, 
comfort; 

11.5  stability  of  artificial  airway  and  its  place- 
ment; 

11.6  complete  patient-ventilator  system  check.36 

VCC  12.0   FREQUENCY: 

Controversy  exists  regarding  the  most  desirable  and 
effective  interval  for  circuit  change  (One  report 
found  no  difference  in  infection  rates  with  48-hour 
circuit  changes  versus  no  change8).  The  literature 
suggests  that  the  particular  type  of  equipment  used 
may  influence  the  desirable  circuit  change  interval 
(see  Sections  7.1  and  12.2).  The  1981  CDC  recom- 
mendation to  change  ventilator  circuits  every  24 
hours  was  based  largely  on  well-documented  noso- 
comial infection  of  patients  from  Pseudomonas 
species  in  the  humidifier  reservoir  and  was  estab- 
lished before  innovations  such  as  heat  moisture  ex- 
changers, newer  non-aerosolizing  humidifiers,  and 
heated  wire  circuits  were  in  wide  use.  Research  sug- 
gests that  the  patient  infects  the  ventilator  circuit, 
and  the  ability  for  the  circuit  to  grow  bacteria  and 
infect  the  patient  is  limited  by  potential  routes  of 
transmission  (eg,  aerosols  and  contaminated  con- 
densate).28 The  most  important  routes  of  transmis- 
sion are  via  improper  hand-washing  techniques  and 
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gastrointestinal  tract  colonization. 2S-29 

12.1  It  is  recommended  that  circuit  change  inter- 
vals be  established  based  on  published  stan- 
dards, evaluation  of  published  clinical  research 
literature,  community  standards  of  practice, 
and/or  a  well-designed  local  surveilance  pro- 
gram. If  a  closed-system  suction  setup  is  includ- 
ed, it  should  not  be  used  longer  than  the  circuit 
and  should  be  replaced  as  necessary  when  found 
to  be  nonfunctional  or  soiled  in  appearance. 

12.2  Guideline  recommendations  are  based  on 
the  equipment  used: 

12.2.1  Circuits  employing  nebulizers 
(aerosol  generators)  as  humidifiers  require 
24-hour  change  interval.2,3,29,37 

12.2.2  Careful  evaluation  of  the  literature 
suggests  that  circuits  employing  heated 
Cascade-type  devices  ('bursting-bubble'  hu- 
midifiers) as  humidifiers,3,5,12,13,16"20,22,26,37 
circuits  employing  heat  moisture  exchang- 
ers (HME),  or  artificial  noses,  and  circuits 
employing  wick  or  other  vapor-phase  hu- 
midifiers may  be  changed  at  an  interval  >  5 
days.6101215-26'33  HMEs  should  be  changed 
every  24  hours  or  more  often  if  neces- 
sary. l4-2,,-3s 

12.2.2.1  Change  HME  as  required  to 
provide  proper  function. 

12.2.2.2  Change  to  maintain  a  circuit 
clean  in  appearance. 

VCC  13.0       INFECTION  CONTROL: 

As  discussed  elsewhere  in  this  Guideline,  control  of 
the  infectious  risk  of  the  ventilator  to  the  patient  is  a 
foremost  objective  of  the  ventilator  circuit  change. 

13.1  Personnel  should  observe  Universal 
Precautions  when  involved  in  circuit 
changes,2-2'' including  the  use  of  gloves,  protec- 
tive eyewear,  and  liquid-barrier  gowns. 

13.2  Liquid  contained  within  the  circuit  is  con- 
laminated  and  should  be  handled  properly,  dis- 
posed of  as  medical  waste  (ie,  contaminated), 
and  should  not  be  drained  into  the  humidifica- 
t ion  device.2 i  .22.24.26,27.29.32 

13.3  Circuit  humidifiers  should  be  filled  with 


sterile  water.29 

13.3.1  Aseptic  technique  should  be  fol- 
lowed when  filling  these  devices.29 

13.3.2  Closed  circuit  filling  devices  or  con- 
tinuous-feed systems  for  humidifiers  or 
nebulizers  may  be  desirable  because  they 
limit  interruptions  to  the  circuit.23 

Mechanical  Ventilation  Guidelines  Committee: 

Robert  S  Campbell  RRT,  Chairman.  Tampa  FL 
Richard  D  Branson  RRT,  Cincinnati  OH 
William  '-Chuck"  Burke  PhD  RRT,  Indianapolis  IN 
Jack  Covington  RRT,  San  Francisco  CA 
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AARC  Clinical  Practice  Guideline 


Delivery  of  Aerosols  to  the  Upper  Airway 


AUA  1.0      PROCEDURE: 


AUA  5.0      CONTRAINDICATIONS: 


!'  Administration  of  aerosols  to  the  upper  airway 

AUA  2.0      DESCRIPTION: 

Delivery  of  therapeutic  aerosols  to  the  upper  airway 
including  the  nose,  pharynx,  and  larynx — therapeu- 
tic aerosols  are  indicated  for  upper  airway  inflam- 
mation, anesthesia,  rhinitis,  and  administration  of 
medications  for  systemic  effect. 

Devices  for  upper  airway  delivery  include  metered 
dose  inhalers  (MDI),  metered  spray  pumps  (MSP), 
hand-bulb  atomizers  (HBA),  and  small-volume 
(SVN),  large-volume  (LVN),  and  ultrasonic  nebu- 
lizers (USN). 

Nasopharyngeal  deposition  is  greatest  for  particles 
in  the  range  of  5-20  /lJ 

AUA  3.0      SETTING: 

Bland  or  pharmacologically  active  aerosol  therapy 
can  be  administered  in  a  number  of  settings,  includ- 
ing hospital,  clinic,  diagnostic  laboratory,  extended 
care  facility,  and  home. 

AUA  4.0      INDICATIONS: 

4.1  Upper  airway  inflammation  (eg,  to  relieve  in- 
flammation due  to  laryngotracheobronchitis2) 

4.2  Anesthesia  (eg,  to  control  pain  and  gagging 
during  endoscopic  procedures3"7) 

4.3  Rhinitis  (eg,  to  relieve  inflammation  and  vas- 
cular congestion8-9) 

4.4  Systemic  disease  (eg,  to  deliver  peptides  such 
as  insulin10) 


Known  hypersensitivity  to  the  medication  being  de- 
livered 

AUA  6.0      HAZARDS/COMPLICATIONS: 

6.1  Administration  of  medications  for  upper  air- 
way inflammation  may  result  in 

6.1.1  bronchospasm,"  ,: 

6.1.2  rebound  of  symptoms, 

6.1.3  systemic  side  effects. 

6.2  Administration  of  medications  for  anesthe- 
sia37 may  result  in 

6.2.1  inhibition  of  gag  reflex, 

6.2.2  choking, 

6.2.3  dehydration  of  epithelium, 

6.2.4  allergic  reactions, 

6.2.5  excessive  systemic  effect, 

6.2.6  bronchospasm, 

6.2.7  nosocomial  infection  from  contami- 
nated delivery  device  or  medication  (See 
AARC  CPG  on  Selection  of  Aerosol 
Delivery  Device13).14 

6.3  Administration  of  medications  for  rhinitis1521 
may  result  in 

6.3.1  nasal  rebound  (including  rhinitis 
medicamentosa)  after  extended  use  of 
alpha  adrenergic  decongestants; 

6.3.2  delayed  effect  (eg,  effects  of  steroids 
are  not  immediate); 

6.3.3  sensation  of  irritation  and  burning  in 
the  nose; 

6.3.4  sneezing  attacks  (immediately  fol- 
lowing administration); 

6.3.5  mucosal  ulceration  and  bleeding; 

6.3.6  postnasal  drip. 

6.4  Systemic  disease — medication  may  cause 
nasal  irritation  or  toxic  effects.910 
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AUA  7.0      LIMITATIONS  OF  PROCEDURE: 

7.1  Upper  airway  inflammation — patient  coop- 
eration is  not  essential  but  may  be  desirable  for 
effective  administration  in  some  applications. 

7.2  Anesthesia — direct  local  application  of  anes- 
thetic agents  may  require  direct  visualization. 

7.3  Rhinitis 

7.3.1  In  the  presence  of  excessive  nasal 
mucus  secretion  or  edema  of  the  nasal  mu- 
cosa, the  drug  may  fail  to  reach  the  site  of 
intended  action.  Deposition  may  be  com- 
promised by  the  presence  of  nasal  polyps 
or  a  deviated  septum. 

7.3.2  Response  may  not  be  readily  observ- 
able for  drugs  such  as  cromolyn  sodium 
and  steroids. 

7.4  Systemic  disease 

7.4.1  In  the  presence  of  excessive  nasal 
mucus  secretion  or  edema  of  the  nasal  mu- 
cosa, the  drug  may  fail  to  reach  the  site  of 
intended  action.  Deposition  may  also  be 
compromised  by  the  presence  of  nasal 
polyps  or  a  deviated  septum. 

7.4.2  Response  may  not  be  immediately 
apparent. 

AUA  8.0      ASSESSMENT  OF  NEED: 

The  presence  of  one  or  more  of  the  following  may 
suggest  the  need  for  aerosol  application. 

8.1  In  upper  airway  inflammation — 

8.1.1  stridor 

8.1.2  brassy  croup-like  cough 

8.1.3  hoarseness  following  extubation 
8.1.4.  diagnosis  of 
laryngeotracheobronchitis  or  croup 

8.1.5  recent  extubation 

8.1.6  evidence  of  inflamed  upper  airway 

8.1.7  soft-tissue  radiograph  suggesting 
edema 

8.1.8  increased  work  of  breathing 

8.2  For  anesthesia — 

8.2.1  severe  localized  pain  in  upper  airway 

8.2.2  impending  invasive  instrumentation 
of  the  upper  airway 

8.3  In  rhinitis — 

8.3.1  diagnosis  of  allergic,  non-allergic,  or 


infectious  rhinitis 
8.3.2  symptomatic  need: 

8.3.2.1  nasal  congestion 

8.3.2.2  rhinorrhea 

8.3.2.3  sneezing 

8.3.2.4  itching  of  nose,  eyes,  or 
palate 

8.4  In  systemic  disease — presence  of  a  systemic 
disease  that  warrants  intranasal  delivery  of  a 
therapeutic  agent 

AUA  9.0      ASSESSMENT  OF  OUTCOME: 

9.1  In  upper  airway  inflammation,  effectiveness 
of  administration  may  be  indicated  by 

9.1.1  reduced  stridor, 

9.1.2  reduced  hoarseness, 

9.1.3  improvement  in  soft-tissue  radio- 
graph, 

9.1.4  decreased  work  of  breathing,  as  evi- 
denced by  decreased  use  of  accessory  mus- 
cles. 

9.2  For  anesthesia,  effectiveness  of  administra- 
tion is  marked  by  reduced  discomfort  in  the  pa- 
tient. 

9.3  In  rhinitis,  effectiveness  of  administration 
may  be  indicated  by 

9.3.1  reduced  nasal  congestion. 

9.3.2  improved  airflow  through  nose, 

9.3.3  reduced  rhinorrhea, 

9.3.4  reduced  sneezing, 

9.3.5  reduced  itching  of  nose,  eyes,  or 
palate. 

9.4  Systemic  disease — effectiveness  of  adminis- 
tration of  agent  is  marked  by  the  presence  of  the 
appropriate  systemic  therapeutic  response. 

AUA  10.0     RESOURCES: 

10.1  Equipment: 

10.1.1  metered  dose  inhaler,  or  MDI.  with 
nasal  adapter 

10.1.2  metered  spray  pump,  or  MSP 

10.1.3  hand-bulb  atomizer,  or  HBA 

10.1.4  small  volume  nebulizer,  or  SVN. 
(use  requires  gas  source,  flowmeter,  con- 
necting tubing,  and  mask  or  mouthpiece) 

10.1.5  large  volume  nebulizer,  or  LVN, 
(use  requires  gas  source,  flowmeter,  large- 
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bore  tubing,  and  mask  or  mouthpiece) 
10.1.6  ultrasonic  nebulizer,  or  USN,  (use 
requires  electrical  source,  large- 
bore  tubing  and  mouthpiece,  mask,  or 
nasal  adapter) 
10.2  Personnel: 

10.2.1  A  Level  I  caregiver  may  be  the 
provider  of  service  after  Level  II  personnel 
have  established  need  for  a  specific  device 
by  patient  assessment,  initial  administra- 
tion(s)  has  been  completed,  and  patient  is 
considered  stable.  Level  I  personnel  (typi- 
cally CRTT  or  RRT)  must  demonstrate  ap- 
propriate technique  for 

10.2.1.1  preparing  and  measuring  medi- 
cations; 

10.2.1.2  administering  medication; 

10.2.1.3  equipment  use; 

10.2.1.4  cleaning  equipment; 

10.2.1.5  disposal  of  wastes; 

10.2.1.6  encouraging  effective  breathing 
patterns; 

10.2.1.7  modifying  treatment  in  re- 
sponse to  adverse  reactions  as  instruct- 
ed, with  appropriate  communication 
with  physician  and  Level  II  caregiver,  in 
response  to  severity  of  symptoms; 

10.2.1.8  Universal  Precautions  and 
proper  infection  control 

10.2.2  Level  II  personnel  should  perform 
initial  assessments  of  all  patients  and  care 
for  the  unstable  patient.  The  Level  II  care- 
giver should  be  an  RRT  or  have  equivalent 
training  in  patient  assessment,  aerosol  ad- 
ministration, pulmonary  function,  and  lung 
mechanics  and  should  have  demonstrated 
his/her  knowledge  and  ability  to  perform 
related  to  the  following: 

10.2.2.1  indications  and  limitations  for 
MDI,  MSP,  MBA,  SVN,  LVN,  and 
USN; 

10.2.2.2  proper  use,  maintenance,  and 
cleaning  of  equipment,  including  filter 
and  scavenging  systems; 

10.2.2.3  risks  inherent  in  the  medica- 
tions and  specific  devices; 

10.2.2.4  procedures  for  safely  disposing 
of  medical  wastes; 

10.2.2.5  breathing  patterns  and  cough- 


ing techniques; 

10.2.2.6  technique  modification  in  re- 
sponse to  adverse  reactions; 

10.2.2.7  dose  and/or  frequency  modifi- 
cation in  response  to  severity  of  symp- 
toms, as  prescribed; 

10.2.2.8  assessment  of  patient  condition 
and  response  to  therapy: 

10.2.2.9  auscultation,  inspection,  and 
vital-signs  determination; 

10.2.2.10  measurement  of  peak  expira- 
tory flowrate.  flow-volumes,  timed  vol- 
umes, and  ventilatory  mechanics; 

10.2.2.11  recognition  and  response  to 
adverse  reactions  to  and  complications 
of  medication  and/or  procedure; 

10.2.2.12  instructing  patients  and  fami- 
lies. 

AUA  11.0     MONITORING: 

The  extent  of  patient  monitoring  should  be  deter- 
mined on  the  basis  of  the  stability  and  severity  of 
the  patient's  condition: 

11.1  patient  compliance  and  increase  or  decrease 
in  symptoms,  signs,  and  patient  subjective  re- 
sponse as  specified  in  Section  8; 

11.2  heart  rate  and  rhythm,  blood  pressure; 

11.3  change  in  indicators  of  therapeutic  effect 
(eg,  blood-glucose  level  with  insulin). 

AUA  12.0  FREQUENCY: 

Frequency  of  administration  is  specific  for  purpose 
of  administration  and  medication  used. 

AUA  13.0     INFECTION  CONTROL: 

13.1  Universal  Precautions  for  body  fluid  isola- 
tion are  to  be  implemented.22 

13.2  Centers  for  Disease  Control  and  Prevention 
recommendations  for  control  of  exposure  to  tu- 
berculosis and  droplet  nuclei  are  to  be  imple- 
mented when  patient  is  known  to  have  tubercu- 
losis or  has  other  risk  factors  for  the  disease.23 

13.2.1  To  reduce  aerosol  contamination  of 
room  air, 

13.2.1.1  enclose  and  contain  aerosol  ad- 
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ministration; 

13.2.1.2  filter  aerosols  that  bypass  or  are 

exhaled  by  patient; 

13.2.2  When  aerosol  release  to  the  atmo- 
sphere cannot  be  routed  through  a  filter, 

13.2.2.1  use  filtered  scavenger  systems 
to  remove  aerosols  that  cannot  be  con- 
tained; 

13.2.2.2  provide  local  exhaust  ventila- 
tion to  remove  aerosols  that  are  released 
into  room  air; 

13.2.2.3  provide  frequent  air  exchange 
to  dilute  concentration  of  aerosol  in 
room; 

13.2.2.4  allow  exchange  of  gas  in  the 
room  to  eliminate  99%  of  aerosol  before 
next  patient  enters  or  receives  treatment 
in  that  area. 

13.2.3  It  remains  unclear  whether  high  ef- 
ficiency particulate  air  (HEPA)  filters  com- 
pletely remove  infectious  particles  from 
the  air. 

13.2.4  Filters,  nebulizers,  and  other  con- 
taminated disposable  components  of  the 
aerosol  delivery  system  should  be  treated 
as  medical  waste.  Applicator  nozzles  for 
multidose  atomizers  should  be  changed  be- 
tween patients. 

13.2.5  Personal  protection  devices  should 
be  used  to  reduce  exposure  when  engineer- 
ing alternatives  are  not  adequate  or  in 
place.23 

13.2.5.1  Use  properly  fitted  respirator 
with  adequate  filtration  when  flow  ex- 
haust cannot  control  removal  of 
aerosols. 

13.2.5.2  Goggles,  gloves,  masks,  and 
gowns  should  be  used  to  serve  as  splat- 
ter shields  and  to  reduce  exposure  to 
body  substances. 

13.2.6  Personnel  should  safely  dispose  of 
hazardous  wastes. 

13.2.7  Personnel  who  are  at  high  risk  for 
adverse  effects  from  exposure  should  be 
offered  an  opportunity  for  alternative  as- 
signments. 

13.3  Nebulizers  should  not  be  reused  between 
patients  without  disinfection. 

13.4  Nebulizers  should  be  changed  or  sterilized 


13.4.1  at  conclusion  of  a  procedure  that  is 
not  to  be  repeated; 

13.4.2  every  24  hours  with  repeated  or 
continuous  administration  or  more  often 
when  visibly  soiled; 

13.5  Nebulizers  should  not  be  rinsed  with  tap 
water  between  treatments.24-25 

13.6  Solutions  should  be  handled  aseptically. 

13.7  Diluent  solutions  from  multidose  vials  (eg, 
distilled  water  and  normal  saline)  must  be  han- 
dled aseptically  and  should  be  discarded  after  24 
hours. 

Aerosol  Therapy  Guidelines  Committee: 

Jon  Nilsestuen  PhD  RRT,  Chairman.  Houston  TX 

James  B  Fink  MBA  RRT,  Chicago  IL 

James  KStollerMD,  Cleveland  OH 

James  Volpe  RRT,  San  Diego  CA 

Theodore  WitekJr  DrPH  RPFT  RRT,  Ridgefield  CT 
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AARC  Clinical  Practice  Guideline 

Neonatal  Time-Triggered,  Pressure-Limited,  Time-Cycled 
Mechanical  Ventilation 


TPTV  1.0        PROCEDURE: 

The  application  of  time-triggered,  pressure-limited, 
time-cycled  mechanical  ventilation  (TPTV)  to 
neonates — this  Guideline  does  not  address  patient- 
triggered  ventilation. 

TPTV2.0       DESCRIPTION/DEFINITION: 

The  application  of  time-triggered,  pressure-limited, 
time-cycled  mechanical  ventilation  in  the  neonate  is 
typically  accomplished  by  the  use  of  commercially 
available  pressure-limited  ventilators  specifically 
designed  for  this  population  or  of  multipurpose, 
multimodal  ventilators  with  the  necessary  capabili- 
ties. These  ventilators  permit  precise  management 
of  ventilator  settings.1"8 

Pressure-limited  ventilators  commonly  incorporate 
continuous  flow  to  deliver  a  mixture  of  oxygen  and 
air.  The  continuous  flow  supplies  the  patient  with  a 
fresh  gas  source  for  spontaneous  breathing.7914 

Mandatory  breaths  are  time-triggered  and  time-cy- 
cled, based  on  an  adjustable  frequency  and  inspira- 
tory time.  As  the  ventilator  time-triggers  inspira- 
tion, the  exhalation  valve  closes,  and  the  continuous 
flow  is  directed  to  the  inspiratory  limb  of  the  patient 
circuit  for  the  length  of  the  inspiratory  time.7"1214 

Once  the  pressure  limit  has  been  reached,  remaining 
flow  is  diverted  to  a  limiting  mechanism.  As  the 
ventilator  cycles  to  expiration,  the  exhalation  valve 
opens  to  ambient  and  the  continuous  flow  exits  the 
expiratory  limb  of  the  circuit.7""4 

flow  continues  to  enter  the  patient's  lungs  until  pres- 
sure equilibrates  or  until  the  inspiratory  time  has 
elapsed,  resulting  in  a  decelerating  flow  pattern. 
Volume  delivery  is  dependent  on  lung  and  chest-wall 


compliance  and  airway  resistance,  including  the  re- 
sistance of  the  endotracheal  tube.  As  these  variables 
change,  deceleration  of  flow  is  altered,  and  the  tidal 
volume  (Vt)  varies.10"15-22  The  Vj  achieved  de- 
pends on  the  pressure  limit,  gas  flowrate.  inspiratory 
time  (ti),  and  positive  end-expiratory  pressure 
(PEEP).  Circuit  characteristics  that  affect  VT  include 
compressible  volume,  presence  of  condensate,  and 
obstruction  of  the  artificial  airway. M-8-10.i8.20.23 

TPTV  3.0       SETTINGS: 

TPTV  is  applied  by  trained  personnel  in  acute  care 
and  subacute  care  hospitals. 

TPTV  4.0        INDICATIONS: 

The  presence  of  one  or  more  of  the  following  condi- 
tions constitutes  an  indication  for  TPTV. 

4.1  Apnea  24"27 

4.2  Respiratory  or  ventilatory  failure,  despite  the 
use  of  continuous  positive  airway  pressure 
(CPAP)  and  supplemental  oxygen  (ie,  Fio  > 

0  60)24.25.28 

4.2.1  Respiratory  acidosis  with  a  pH  < 
7.20-1.25*-2*-29 

4.2.2  Pa02<  50  torrs'1,25-29'3° 

4.2.3  Abnormalities  on  physical  examina- 
tion 

4.2.3.1  Increased  work  of  breathing 
demonstrated  by  grunting,  nasal  flaring, 
tachypnea,  and  sternal  and  intercostal 
retractions5,27,29,31 

4.2.3.2  The  presence  of  pale  or  cyanotic 
skin  and  agitation 

4.3  Alterations  in  neurologic  status  that  compro- 
mise the  central  drive  to  breathe: 

4.3.1  Apnea  of  prematurity32 

4.3.2  Intracranial  hemorrhage33 
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4.3.3  Congenital  neuromuscular  disorders34 

4.4  Impaired  respiratory  function  resulting  in  a 
compromised  functional  residual  capacity 
(FRC)  due  to  decreased  lung  compliance  and/or 
increased  airways  resistance,12-35  including  but 
not  limited  to 

4.4.1  Respiratory  distress  syndrome 

(RDS  ,1.2.28.36-39 

4.4.2  Meconium  aspiration  syndrome 
(MAS)40 

4.4.3  Pneumonia41 

4.4.4  Bronchopulmonary  dysplasia42"44 

4.4.5  Bronchiolitis41 

4.4.6  Congenital  diaphragmatic  hernia45 

4.4.7  Sepsis41 

4.4.8  Radiographic  evidence  of  decreased 
lung  volume27 

4.5  Impaired  cardiovascular  function 

4.5.1  Persistent  pulmonary  hypertension  of 
the  newborn  (PPHN)4647 

4.5.2  Postresuscitation41 

4.5.3  Congenital  heart  disease48 

4.5.4  Shock6 

4.6  Postoperative  state  characterized  by  im- 
paired ventilatory  function45-49 

TPTV  5.0        CONTRAINDICATIONS: 

No  specific  contraindications  for  neonatal  TPTV 
exist  when  indications  are  judged  to  be  present 
(Section  4.0). 

TPTV  6.0       HAZARDS/COMPLICATIONS: 

6.1  Air  leak  syndromes  due  to  barotrauma 
and/or  volume  overinflation  (ie,  volutrau- 
ma)  2,i  1,50-54  including 

6.1.1  Pneumothorax16-55-59 

6.1.2  Pneumomediastinum55-56-58 

6.1.3  Pneumopericardium55 

6.1.4  Pneumoperitoneum55 

6.1.5  Subcutaneous  emphysema55 

6.1.6  Pulmonary  interstitial  emphyse- 
ma56-6062 

6.2  Chronic  lung  disease  associated  with  pro- 
longed positive  pressure  ventilation  and  oxygen 
toxicity63-64  (eg,  bronchopulmonary  dyspla- 

sja42.43,65-68\ 


6.3  Airway  complications  associated  with  endo- 
tracheal intubation 

6.3.1  Laryngotracheobronchomalacia69 

6.3.2  Damage  to  upper  airway  struc- 
tures66-69-70 

6.3.3  Malpositioning  of  endotracheal  tube 
(ETT)69-71 

6.3.4  Partial  or  total  obstruction  of  ETT 
with  mucus69-71-72 

6.3.5  Kinking  of  ETT69-71 

6.3.6  Unplanned  extubation69-71-73 

6.3.7  Air  leak  around  uncuffed  ETT 

6.3.8  Subglottic  stenosis69 

6.3.9  Main-stem  intubation69 

6.3.10  Pressure  necrosis74 

6.3.11  Increased  work  of  breathing  (during 
spontaneous  breaths)  due  to  the  high  resis- 
tance of  endotracheal  tubes  of  small  inter- 
nal diameter75 

6.4  Nosocomial  pulmonary  infection  (eg,  pneu- 
monia76' 

6.5  Complications  that  occur  when  positive 
pressure  applied  to  the  lungs  is  transmitted  to  the 
cardiovascular  system77-78  or  the  cerebral  vascu- 
lature resulting  in 

6.5.1  Decreased  venous  return77-78 

6.5.2  Decreased  cardiac  output77-78 

6.5.3  Increased  intracranial  pressure  lead- 
ing to  intraventricular  hemorrhage27-33-79 

6.6  Supplemental  oxygen  in  conjunction  with 
TPTV  may  lead  to  an  increased  risk  of  retinopa- 
thy of  prematurity  (ROP)8081 

6.7  Complications  associated  with  endotracheal 
suctioning82 

6.8  Technical  complications 

6.8.1  Ventilator  failure10-83 

6.8.2  Ventilator  circuit  and/or  humidifier 
failure38-70  (Condensate  in  the  inspiratory 
limb  of  the  ventilator  circuit  may  result  in  a 
reduction  in  Vj23-84  or  inadvertent  pul- 
monary lavage.) 

6.8.3  Ventilator  alarm  failure10-38-69-83 

6.8.4  Loss  of  or  inadequate  gas  supply 

6.9  Patient-ventilator  asynchrony85-86 

6.10  Inappropriate  ventilator  settings  leading  to 

6.10.1  auto-PEEP 

6.10.2  hypo-or  hyperventilation 

6.10.3  hypo-  or  hyperoxemia 

6.10.4  increased  work  of  breathing 
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TPTV  7.0        LIMITATIONS  OF  METHOD: 

Rapid  changes  in  lung  compliance  and  airways  re- 
sistance may  result  in  alterations  in  Vj  delivery  that 
may   significantly    alter   minute    ventilation 

(y^  3,4,9,11.19-21 

TPTV  8.0       ASSESSMENT  OF  NEED: 

Determination  that  valid  indications  are  present  by 
physical,  radiographic,  and  laboratory  assessment 

TPTV  9.0       ASSESSMENT  OF  OUTCOME: 

Establishment  of  neonatal  assisted  ventilation 
should  result  in  improvement  in  patient  condition 
and/or  reversal  of  indications  (Section  4.0): 

9.1  Reduction  in  work  of  breathing  as  evidenced 
by  decreases  in  respiratory  rate,  severity  of  re- 
tractions, nasal  flaring  and  grunting 

9.2  Radiographic  evidence  of  improved  lung 
volume41 

9.3  Subjective  improvement  in  lung  volume  as 
indicated  by  increased  chest  excursion  and  aera- 
tion by  chest  auscultation87 

9.4  Improved  gas  exchange 

9.4.1  Ability  to  maintain  a  Pao2  ^  50  torr 
with  Fio2  <  0.608-30 

9.4.2  Ability  to  reverse  respiratory  acidosis 
and  maintain  a  pH  >  7.25s-30 

9.4.3  Subjective  improvement  as  indicated 
by  a  decrease  in  grunting,  nasal  flaring, 
sternal  and  intercostal  retraction,  and  respi- 
ratory rate31 

TPTV  10.0       RESOURCES: 

10.1  Equipment — recommended  equipment 
based  on  individual  patient  need  includes  the 
following.  (For  a  given  patient,  all  mentioned 
equipment  may  not  be  necessary.) 

10.1.1  Commercially  available  continu- 
ous-flow infant  ventilator  equipped  with 
TPTV  mode  or  suitably  equipped  multi- 
purpose, multimodal  ventilator,  low  and 
high  airway  pressure  alarms,  high-pressure 
release-to-ambient  pressure  capability,  loss 
of  power  and  gas  source  alarms,  low  and 


high  oxygen  concentration  alarms — alarms 
may  be  integral  to  the  ventilator  or  an  add- 

on  21.38.83 

10.1.2  Servo-regulated  humidifier  with 
low  compressible  volume  chamber  and 
preferably  a  continuous  water  source2 '-38'83 

10.1.3  Low-compliance  infant  ventilator 
circuit  with  heated  inspiratory  and  expira- 
tory wires  compatible  with  the  servo-regu- 
lated humidification  system  is  recommend- 
ecj  19.23.38.83.88,89  Comparable  circuits  that 
permit  continual  drainage  of  condensate 
may  also  be  used. 

10.1.4  Endotracheal  tube  with  associated 
intubation  equipment  or  tracheostomy  tube 
with  associated  insertion  and  cleaning  ac- 
cessories and  supplies  for  securing  the  tube 

10.1.5  Suction  source,  suction  catheters, 
and  normal  saline  for  instillation  to  ensure 
patency  of  artificial  airway82 

10.1.6  Standby  resuscitation  apparatus 
with  airway  manometer  and  masks  of  ap- 
propriate size83  and  supplies  for  chest-tube 
insertion 

10.1.7  Continuous  noninvasive  monitoring 
of  oxygenation  by  either  transcutaneous 
monitor  or  pulse  oximeter  with  high-  and 
low-alarm  capabilities90'91 

10.1.8  Continuous  noninvasive  monitoring 
of  carbon  dioxide  by  transcutaneous  COt 
monitor  with  high-  and  low-alarm  capabili- 
ties is  also  recommended38-92  for  the  unsta- 
ble baby  requiring  frequent  ventilator 
changes.  Measurements  of  end-tidal  CO: 
may  also  be  useful  in  these  infants.9394 

10.1.9  Continuous  cardiorespiratory  moni- 
toring (eg,  ECG  and  respiratory  rate)  with 
high-  and  low-alarm  capabilities38 

10.1.10  Appropriate  and  adequate  com- 
pressed gas  supply 

10.1.11  Graphic  display  of  airway  pres- 
sure, flow,  and  tidal  volume  may  be  useful. 

10.2  Personnel:  TPTV  should  be  applied  under 
the  direction  of  a  physician  by  trained  personnel 
who  hold  a  recognized  credential  (eg,  CRTT, 
RRT,  RN)  and  who  competently  demonstrate 
10.2.1.  proper  use.  understanding,  and 
mastery  of  the  technical  aspects  of  man- 
agement of  artificial  airways,  mechanical 
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ventilators,  and  humidification  systems; 

10.2.2  comprehensive  knowledge  of  venti- 
lator management  and  understanding  of 
neonatal  airway  anatomy  and  pulmonary 
pathophysiology; 

10.2.3  patient  assessment  skills,  with  an 
understanding  of  the  interaction  between 
the  mechanical  ventilator  and  the  patient 
and  ability  to  recognize  and  respond  to  ad- 
verse reactions  and  complications; 

10.2.4  knowledge  and  understanding  of  in- 
tubation equipment; 

10.2.5  ability  to  interpret  monitored  and 
measured  blood  gas  parameters  and  vital 
signs; 

10.2.6  application  of  Universal 
Precautions;92 

10.2.7  proper  use,  understanding,  and  mas- 
tery of  emergency  resuscitation  equipment 
and  procedures; 

10.2.8  ability  to  evaluate  and  document  re- 
sults of  outcome  assessments  (Section 
9.0); 

10.2.9  ability  to  interpret  chest  radiographs 
to  determine  proper  placement  of  artificial 
airways  and  identify  complications  associ- 
ated with  mechanical  ventilation  (eg,  air 
leak  syndromes). 

TPTV  11.0        MONITORING: 

11.1  Patient-ventilator  system  checks  should  be 
performed  every  2-4  hours  and  should  include 
documentation  of  ventilator  settings  and  patient 
assessments  as  recommended  by  the  AARC 
CPG  Patient- Ventilator  System  Checks  (MV- 
SC)  and  AARC  CPG  Humidification  during 
Mechanical  Ventilation  (HMV).95-96 

11.2  Oxygen  and  CO?  monitoring 

11.2.1  Periodic  sampling  of  blood  gas  val- 
ues by  arterial,  capillary,  or  venous 
route. '-24-30  Pa02  should  be  kept  below  80 
torr  in  preterm  infants  to  minimize  the  risk 
ofROP6-80-97 

11.2.2  The  unstable  infant  should  be  moni- 
tored continuously  by  transcutaneous  O2 
monitor  or  pulse  oximeter.1-90'91 

11.2.3  The  unstable  infant  should  be  moni- 
tored continuously  by  transcutaneous90  or 


end-tidal  C02  monitoring.91-94 
11.2.4  Fractional  concentration  of  oxygen 
delivered  by  the  ventilator  should  be  moni- 
tored continuously.38 

11.3  Continuous  monitoring  of  cardiac  activity 
(via  electrocardiograph)  and  respiratory  rate98 

11.4  Monitoring  of  blood  pressure  by  indwelling 
arterial  line  or  by  periodic  cuff  measurements24 

11.5  Continuous  monitoring  of  proximal  airway 
pressures  including  peak  inspiratory  pressure 
(PIP),   PEEP,   and  mean  airway  pressure 

(T3       \  1,39,99 

11.5.1  Increases  in  Paw  may  result  in  im- 
proved oxygenation;  however,  Paw  >  12  cm 
H2O  has  been  associated  with  barotrau- 

ma  8,20,41.99-102 

11.5.2  The  difference  between  PIP  and 
PEEP  (AP)  in  conjunction  with  patient  me- 
chanics determines  Vj.  As  the  AP  changes, 
VTwillvary.16-51-99-100 

11.5.3  PIP  should  be  adjusted  initially  to 
achieve  adequate  Vj  as  reflected  by  chest 
excursion  and  adequate  breath 
sounds8-29100  and/or  by  Vj  measurement. 

11.5.4  PEEP  increases  FRC  and  may  im- 
prove oxygenation  and  ventilation-perfu- 
sion  relationship  (PEEP  is  typically  adjust- 
ed at  4-7  cm  FLO — levels  beyond  this  range 
may  result  in  hyperinflation,  particularly  in 
patients  with  obstructive  airways  disease 
[eg,  MAS  orbronchiolitis]5-29--15-10-1105). 

11.6  Many  commercially  available  neonatal  ven- 
tilators provide  continuous  monitoring  of  venti- 
lator frequency,  ti,  and  I:E.  If  only  two  of  these 
variables  are  directly  monitored,  the  third  should 
be  calculated  (eg,  the  proportion  of  the  ti  for  a 
given  frequency  determines  the  I:E). 

11.6.1  Lengthening  ti  increases  Paw  and 
should  improve  oxygenation.1-211 :4-41106-107 

11.6.2  I:E  in  excess  of  1:1  may  lead  to  the 
development  of  auto-PEEP  and  hyperinfla- 
tion 5-20'24'37'|0-,'1U6.|°8 

11.6.3  Frequencies  of  30-60  per  minute 
with  shorter  ti  (eg,  I:E  of  1 :2)  are  commonly 
used  in  patients  with  RDS.8-22-41-50'59-85-109 "' 

11.7  Depending  on  the  internal  diameter  of  the 
ventilator  circuit,  excessive  flowrates  can  result 
in  expiratory  resistance  that  leads  to  increased 
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work  of  breathing  and  automatic  increases  in 
PEEP_i7.i9.89.9g.86.ii2  Some  ventilators  are 

equipped  with  demand-flow  systems  that  permit 
the  use  of  lower  baseline  flowrates  but  provide 
the  patient  with  additional  flow  as  needed 

11.8  Because  of  the  possibility  of  complete  ob- 
struction or  kinking  of  the  ETT  and  the  inade- 
quacy of  ventilator  alarms  in  these  situations, 
continuous  tidal  volume  monitoring  via  an  ap- 
propriately designed  (minimum  dead  space) 

proximal  airway  flow  sensor  is  recommend- 
ed 98,113.114 

11.9  Periodic  physical  assessment  of  chest  ex- 
cursion and  breath  sounds  and  for  signs  of  in- 
creased work  of  breathing  and  cyanosis. 3-5-21-87 

11.10  Periodic  evaluation  of  chest  radiographs 
to  follow  the  progress  of  the  disease,  identify 
possible  complications,  and  verify  ETT  place- 
ment21'2779 

TPTV  12.0       FREQUENCY: 

TPTV  is  intended  for  continuous  use  and  is  discon- 
tinued when  the  patient's  clinical  condition  im- 
proves as  indicated  by  results  of  outcome  assess- 
ments (Section  9.0). 

TPTV  13.0       INFECTION  CONTROL: 

No  special  precautions  are  necessary,  but  Universal 
Precautions  as  described  by  the  Centers  for  Disease 
Control  should  be  employed.95 

13.1  Ventilator  circuits  and  humidifier  chambers 
should  not  be  changed  more  frequently  than 
every  48  hours.  The  Clinical  Practice  Guideline: 
Ventilator  Circuit  Changes,  the  CDC,  and,  re- 
ported experience"4"6  suggest  that  use  periods 
of  <  5  days  are  acceptable  when  the  humidifying 
device  is  other  than  an  aerosol  generator. 

13.2  External  surfaces  of  ventilator  should  be 
cleaned  according  to  the  manufacturer's  recom- 
mendations when  the  device  has  remained  in  a  pa- 
tient's room  for  a  prolonged  period,  when  soiled, 
when  it  has  come  in  contact  with  potentially  trans- 
mittable  organisms,  and  after  each  patient  use. 

13.3  Sterile  suctioning  procedures  should  be 
strictly  adhered  to.82 


Perinatal-Pediatrics  Guidelines  Committee: 
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Sherry  L  Barnhart  RRT,  Mattoon  IL 
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Barbara  Hendon  BA  RRT  RCP,  Wylie  TX 
Joanne  Masi-Lynch  BS  RRT,  Salt  Lake  City  UT 
Barbara  G  Wilson  MEd  RRT,  Durham  NC 

REFERENCES 

1.  Herman  S.  Reynolds  EOR.  Methods  for  improving  oxy- 
genation in  infants  mechanically  ventilated  for  severe 
hyaline  membrane  disease.  Arch  Dis  Child  1973:48:612- 
617. 

2.  Manginello  FP,  Grasssi  AE,  Schechner  S,  Krauss  AN, 
Auld  PAM.  Evaluation  of  methods  of  assisted  ventila- 
tion in  hyaline  membrane  disease.  Arch  Dis  Child 
1978:53:878-881. 

3.  Carlo  WA,  Pacifico  L,  Chatburn  RL,  Fanaroff  AA. 
Efficacy  of  computer-assisted  management  of  respirato- 
ry failure  in  neonates.  Pediatrics  1986;78(  1 ):  139-143. 

4.  Chatburn  RL,  Carlo  WA,  Lough  MD.  Clinical  algorithm 
for  pressure-limited  ventilation  of  neonates  with  respira- 
tory distress  syndrome.  Respir  Care  1983:28(12):  1579- 
1586. 

5.  Chatburn  RL.  Similarities  and  differences  in  the  man- 
agement of  acute  lung  injury  in  neonates  (IRDS)  and  in 
adults  (ARDS).  Respir  Care  1988;33(7):539-553. 

6.  Stern  L.  Therapy  of  the  respiratory  distress  syndrome. 
Pediatr  Clin  North  Am  1 972;  1 9(  1):22 1-240. 

7.  Carr  DJ,  Rich  M,  Murkowski  K,  Neu  J.  A  comparative 
evaluation  of  three  neonatal  ventilators.  Crit  Care  Med 
1986:1 4(3  ):234-236. 

8.  Carlo,  WA.  Martin  RJ.  Principles  of  neonatal  assisted 
ventilation.  Pediatr  Clin  North  Am  1986:33(1  ):22 1-237. 

9.  Hess  D,  Lind  L.  Nomograms  for  the  application  of  the 
Bourns  model  BP200  as  a  volume-constant  ventilator. 
Respir  Care  1980;25(2):248-250. 

10.  Smith  JD.  Application  of  mechanical  ventilation  in  acute 
respiratory  failure.  Respir  Care  1983;28(5):579-585. 

1 1 .  Chatburn  RL.  Principles  and  practice  of  neonatal  and  pe- 
diatric mechanical  ventilation.  Respir  Care  1991:36(6): 
569-593. 

12.  deLemos  RA,  Kirby  RR.  Early  development:  intermit- 
tent mandatory  ventilation  in  neonatal  respiratory  sup- 
port. Int  Anesthesiol  Clin  1980;18(2):39-51. 

13.  Reynolds  EOR.  Pressure  waveform  and  ventilator  set- 
tings for  mechanical  ventilation  in  severe  hyaline  mem- 
brane disease.  Int  Anesthesiol  Clin  1974;  1 2(41:259-280. 

14.  Kirby  R.  Robison  E.  Schul/  J.  deLemos  RA. 
Continuous-flow  ventilation  as  an  alternative  to  assisted 
or  controlled  ventilation  of  infants.  Anesth  Analg 
l972;51(6):871-875. 

15.  Marini  JJ.  Crooke  PS  III.  Truwit  JD.  Determinants  and 
limits  of  pressure-preset  ventilation:   a  mathematical 


812 


RESPIRATORY  CARE  •  AUGUST  '94  Vol  39  No  8 


AARC  GUIDELINE:  NEONATAL  TIME-TRIGGERED,  PRESSURE-LIMITED,  TIME-CYCLED  MV 


model     of    pressure     control.     J     Appl     Physiol 
1989:67(3):1081-1092. 

16.  Muramatsu  K,  Yukitake  K,  Oda  T.  Variability  of  respira- 
tory system  compliance  in  mechanically  ventilated  in- 
fants. Pediatr  Pulmonol  1992;12:140-145. 

17.  Greenough  A.  The  premature  infant's  respiratory  re- 
sponse to  mechanical  ventilation.  Early  Hum  Dev 
1988;17:1-5. 

18.  Hillman  DR.  Physiological  aspects  of  intermittent  posi- 
tive pressure  ventilation.  Anaesth  Intensive  Care 
1986;14(3):226-235. 

19.  Lewis  RM.  Factors  affecting  lung  volume  changes  dur- 
ing newborn  mechanical  ventilation:  a  bench  study. 
RespirCare  1992;37(  10):  1 153-1 160. 

20.  Lewis  RM.  Automatic  increases  in  mean  airway  pressure 
during  mechanical  ventilation.  Respir  Care 
1982;27(6):675-681. 

21.  Keuskamp  DHG.  Ventilation  of  premature  and  newborn 
infants.  Int  Anesthesiol  Clin  1974;12(4):281-300. 

22.  Boros  SJ.  Bing  DR.  Mammel  MC,  Hagen  E,  Gordon  MJ. 
Using  conventional  infant  ventilators  at  unconventional 
rates.  Pediatrics  1984;74:487-492. 

23.  Schena  J,  Monaghan  EJ,  Kaufman  A.  Thompson  J, 
Crone  RK.  Delivered  tidal  volume  during  infant  me- 
chanical ventilation  (abstract).  RespirCare  1983:28(10): 
1363. 

24.  Reynolds  EOR.  Effect  of  alterations  in  mechanical  venti- 
lator settings  on  pulmonary  gas  exchange  in  hyaline 
membrane  disease.  Arch  Dis  Child  1971;46:152-159. 

25.  Reynolds  EOR.  Indications  for  mechanical  ventilation  in 
infants  with  hyaline  membrane  disease.  Pediatrics 
1970;46(2):  193-202. 

26.  Sedin  G.  CPAP  and  mechanical  ventilation.  Int  J 
Technol  Assess  Health  Care  1991;7(Supp  1  ):31-40. 

27.  Reynolds  EOR,  Taghizadeh  A.  Improved  prognosis  of 
infants  mechanically  ventilated  for  hyaline  membrane 
disease.  Arch  Dis  Child  1974;49:505-515. 

28.  Meyer  HBP,  Griffin  BE,  Sedaghatian  MR.  Halpe  PR, 
Daily  WJR.  Ventilatory  support  of  the  newborn  infant 
with  respiratory  distress  syndrome  and  respiratory  fail- 
ure. Int  Anesthesiol  Clin  1974;12(4):81-1 10. 

29.  Narang  A,  Shenoi  A.  Physiological  principles  of  me- 
chanical ventilation  of  the  newborn.  Indian  J  Pediatr 
1992;59:21-27. 

30.  Smith  PC,  Daily  WJR,  Fletcher  G,  Meyer  HBP,  Taylor 
G.  Mechanical  ventilation  of  newborn  infants:  I.  the  ef- 
fect of  rate  and  pressure  on  arterial  oxygenation  of  in- 
fants with  respiratory  distress  syndrome.  Pediatr  Res 
1969:3:244-254. 

31.  Harrison  VC,  de  V  Heese  H,  Klein  M.  The  significance 
of  grunting  in  hyaline  membrane  disease.  Pediatrics 
1968;41(3):549-559. 

32.  Kattwinkel  J,  Nearman  HS,  Fanaroff  AA,  Katona  PG, 
Klaus  MH.  Apnea  of  prematurity:  comparative  therapeu- 
tic effects  of  cutaneous  stimulation  and  nasal  continuous 
positive  airway  pressure.  J  Pediatr  1975;86(4):588-592. 

33.  Allan  WC,  Volpe  JJ.  Periventricular-intraventricular 
hemorrhage.  Pediatr  Clin  North  Am  1986;36(l):47-63. 


34.  Roland  EH.  Neuromuscular  disorders  in  the  newborn. 
Clin  Perinat  1989;16(2):519-547. 

35.  Sivan  Y,  Deakers  TW,  Newth  CJL.  Functional  residual 
capacity  in  ventilated  infants  and  children.  Pediatr  Res 
1990;28(5):451-454. 

36.  Spahr  RC,  Klein  AM.  Brown  DR.  MacDonald  HM. 
Holzman  IR.  Hyaline  membrane  disease:  a  controlled 
study  of  inspiratory  to  expiratory  ratio  on  its  manage- 
ment by  ventilator.  Am  J  Dis  Child  1980;134(4):373- 
376. 

37.  Greenough  A,  Pool  J,  Greenall  F,  Morley  C,  Gamsu  H. 
Comparison  of  different  rates  of  artificial  ventilation  in 
preterm  neonates  with  respiratory  distress  syndrome. 
Acta  Paediatr  Scand  1987;76:706-712. 

38.  Hayes  B.  Ventilation  and  ventilators — an  update.  J  Med 
Eng  Technol  1988:12(5):  197-218. 

39.  Stark  AR.  Frantz  ID.  Respiratory  distress  syndrome. 
Pediatr  Clin  North  Am  1986;33(3):533-544. 

40.  Wiswell  TE,  Bent  RC.  Meconium  staining  and  the  meco- 
nium aspiration  syndrome.  Pediatr  Clin  North  Am 
1993;40(5):955-981. 

41.  Greenough  A.  Roberton  NRC.  Neonatal  ventilation. 
Early  Hum  Dev  1986;13:127-136. 

42.  Bancalari  E,  Gerhardt  T.  Bronchopulmonary  dysplasia. 
Pediatr  Clin  North  Am  1986;33(  1 ):  1  -23. 

43.  Goldberg  RN,  Bancalari  E.  Bronchopulmonary  dyspla- 
sia: clinical  presentation  and  the  role  of  mechanical  ven- 
tilation. RespirCare  1986;31(7):59 1-596. 

44.  Goldberg  RN,  Bancalari  E.  Therapeutic  approaches  to 
the  infant  with  bronchopulmonary  dysplasia.  Respir 
Care  199 1;36(6):61 3-62 1 . 

45.  Wilson  JM,  Lund  DP.  Lillehei  CW,  O'Rourke  PP. 
Vacanti  JP.  Delayed  repair  and  preoperative  ECMO  does 
not  improve  survival  in  high-risk  congenital  diaphrag- 
matic hernia.  J  Pediatr  Surg  1992;27(3):368-375. 

46.  Wung  J-T,  James  LS,  Kilchevsky  E,  James  E. 
Management  of  infants  with  severe  respiratory  failure 
and  persistence  of  the  fetal  circulation,  without  hyper- 
ventilation. Pediatrics  1985;76(4):488-494. 

47.  Roberts  JD  Jr.  Shaul  PW.  Advances  in  the  treatment  of 
persistent  pulmonary  hypertension  of  the  newborn. 
Pediatr  Clin  North  Am  1993;40(5):983-1004. 

48.  Rheuban  K.  The  infant  with  congenital  heart  disease: 
guidelines  for  care  in  the  first  year  of  life.  Clin  Perinatol 
1984;11(1):199-212. 

49.  Hollinger  IB.  Postoperative  management:  ventilation.  Int 
Anesthesiol  Clin  1980;  1 8(  1  ):205-2 16. 

50.  Oxford  Region  Controlled  Trial  of  Artificial  Ventilation 
(OCTAVE)  Study  Group.  Multicentre  randomised  con- 
trolled trial  of  high  against  low  frequency  positive  pres- 
sure ventilation.  Arch  Dis  Child  1991:66(7,  Spec 
No):770-775. 

51.  Fisher  JB,  Mammel  MC,  Coleman  JM,  Bing  DR,  Boros 
SJ.  Identifying  lung  overdistention  during  mechanical 
ventilation  by  using  volume-pressure  loops.  Pediatr 
Pulmonol  1988:5:10-14. 

52.  Nilsson  R,  Grossmann  G,  Robertson  B.  Pathogenesis  of 
neonatal  lung  lesions  induced  by  artificial  ventilation: 


RESPIRATORY  CARE  •  AUGUST  '94  Vol  39  No  8 


813 


AARC  GUIDELINE:  NEONATAL  TIME-TRIGGERED.  PRESSURE-LIMITED,  TIME-CYCLED  MV 


evidence  against  the  role  of  barotrauma.  Respiration 
1980;40:218-225. 

53.  Tamow-Mordi  WO,  Narang  A,  Wilkinson  AR.  Lack  of 
association  between  barotrauma  and  air  leak  in  hyaline  72. 
membrane  disease.  Arch  Dis  Child  1985:60:555-559. 

54.  Primhak  RA.  Factors  associated  with  pulmonary  air  leak 
in  premature  infants  receiving  mechanical  ventilation.  J 

Pediatr  1983;102:764-768.  73. 

55.  Chernick  V.  Lung  rupture  in  the  newborn  infant.  Respir 
Care  1986;31(7):628-633. 

56.  Thibeault  DW.  Lachman  RS.  Laul  VR,  Kwong  MS.  74. 
Pulmonary  interstitial  emphysema,  pneumomedi- 
astinum,  and   pneumothorax.    Am   J    Dis   Child 
1973;126:611-614.  75. 

57.  Moylan  FM,  Walker  AM.  Kramer  SS.  Todres  ID, 
Shannon  DC.  The  relationship  of  bronchopulmonary 
dysplasia  to  the  occurrence  of  alveolar  rupture  during 

positive    pressure    ventilation.    Crit    Care    Med  76. 

1978:6(3):140-142. 

58.  Pollack  MM.  Fields  AI,  Holbrook  PR.  Pneumothorax 
and  pneumomediastinum  during  pediatric  mechanical 
ventilation.  Crit  Care  Med  1979;7(  12):536-539. 

59.  Tarnow-Mordi  W,  Wilkinson  A.  Mechanical  ventilation  77. 
of  the  newborn  (letter).  Br  Med  J  1986:292:575. 

60.  Caldwell  EJ,  Powell  RD  Jr.  Mullooly  JP.  Interstitial  em-  78. 
physema:  a  study  of  physiologic  factors  involved  in  ex- 
perimental induction  of  the  lesion.  Am  Rev  Respir  Dis 
1970;102:516-525.  79. 

61.  Greenough  A.  Dixon  AK,  Roberton  NRC.  Pulmonary  in- 
terstitial emphysema.  Arch  Dis  Child  1 984;59: 1 046- 1 05 1 . 

62.  Plenat  F.  Vert  P.  Didier  F.  Andre  M.  Pulmonary  intersti-  80. 
tial  emphysema.  Clin  Perinatol  1978;5(2):351-375. 

63.  Cooke  RWI.  Factors  associated  with  chronic  lung  dis-  81. 
ease  in  preterm  infants.  Arch  Dis  Child  1991:66(7,  Spec 
No):776-779. 

64.  Stocks  J.  Godfrey  S.  The  role  of  artificial  ventilation,  82. 
oxygen,  and  CPAP  in  the  pathogenesis  of  lung  damage 

in  neonates:  assessment  by  serial  measurements  of  lung 
function.  Pediatrics  1976;57(3):352-362. 

65.  Taghizadeh  A.  Reynolds  EOR.  Pathogenesis  of  bron-  83. 
chopulmonary  dysplasia  following  hyaline  membrane 

disease.  Am  J  Pathol  1976:82(21:241-264. 

66.  Riedel  F.  Long  term  effects  of  artificial  ventilation  in  84. 
neonates.  Acta  Paediatr  Scand  1987;76:24-29. 

67.  Avery  ME,  Tooley  WH.  Keller  JB,  Hurd  SS,  Bryan  MH. 

Cotton  RB.  et  al.  Is  chronic  lung  disease  in  low  birth  85. 

weight  infants  preventable'.'  A  survey  of  eight  centers. 
Pediatrics  1987;79(l):26-30. 

68.  Wung  J-T.   Koons  AH.   Driscoll  JM  Jr.  James  LS.  86. 
Changing  incidence  of  bronchopulmonary  dysplasia.  J 

Pediatr  I979;95(5,  Part  2):845-847. 

69.  Truog  WE.  Complications  of  mechanical  ventilation  and  87. 
airway  control  in  the  neonate.  Respir  Care  1986:31(6): 

498-505. 

70.  Loochtan  AM.  Loochtan  RM.  Damage  to  neonatal  oral 
Structures:    effects   of   laryngoscopy    and    intubation.  88. 

RespirCare  !989;34(10):879-888. 

71.  Benjamin     PK.    Thompson    JE,    O'Rourke     PP. 


Complications  of  mechanical  ventilation  in  a  children's 
hospital  multidisciplinary  intensive  care  unit.  Respir 
Care  1990;35(9):873-878. 

Redding  GJ,  Fan  L,  Cotton  EK,  Brooks  JG.  Partial  ob- 
struction of  endotracheal  tubes  in  children:  incidence, 
etiology,  significance.  Crit  Care  Med  1979;7(5):227- 
231. 

Kallstrom  TJ,  Salyer  J.  The  incidence  of  accidental  extu- 
bations  in  a  neonatal  intensive  care  unit  (abstract).  Respir 
Care  1989;34(  1 1  ):1006. 

Benjamin  PK.  Thompson  JE,  Arnold  JH.  ETT  pressure 
necrosis  in  a  pediatric  cardiac  intensive  care  unit  (CICU) 
(abstract).  Respir  Care  1992;37(  1 1 ):  1 33 1 . 
Farstad  T,  Bratild  D.  Effects  of  endotracheal  tube  size 
and  ventilator  settings  on  the  mechanics  of  a  test  system 
during  intermittent  flow  ventilation.  Pediatr  Pulmonol 
1991;11:15-21. 

Sottile  FD,  Marrie  TJ,  Prough  DS,  Hobgood  CD,  Gower 
DJ,  Webb  LX,  Costerton  JW,  Gristina  AG.  Nosocomial 
pulmonary  infection:  possible  etiologic  significance  of 
bacterial  adhesion  to  endotracheal  tubes.  Crit  Care  Med 
1986;14(4):265-270. 

MacDonnell  KF.  Physiologic  consequences  of  mechani- 
cal ventilation.  ComprTher  1977;3(12):49-58. 
Douglas  ME.  Downs  JB.  Cardiopulmonary  effects  of  in- 
termittent mandatory  ventilation.  Int  Anesthesiol  Clin 
L980;18(2):97-121. 

Peabody  JL.  Mechanical  ventilation  of  the  newborn: 
good  news. . .  bad  news.  Crit  Care  Med  1981;9(10):710- 
713. 

Avery  GB.  Glass  P.  Retinopathy  of  prematurity:  what 
causes  it?  Clin  Perinatol  1988;15(4):917-928. 
Reisner  SH.  Amir  J.  Shohat  M.  Krikler  R.  Nissenkorn  I. 
Ben-Sira  I.  Retinopathy  of  prematurity:  incidence  and 
treatment.  Arch  Dis  Child  1985;60:698-701. 
American  Association  for  Respiratory  Care.  Clinical 
practice  guideline:  endotracheal  suctioning  of  mechani- 
cally ventilated  adults  and  children  with  artificial  air- 
ways. RespirCare  1993;38(5):500-504. 
Lawrence  JC.  Breathing  system  gas  pressure  monitoring 
and  venting,  ventilator  monitors  and  alarms.  Anaesth 
Intensive  Care  1988:16(1  ):38-40. 

Schachter  EN,  Lehnert  BE,  Specht  W.  Pressure-time  re- 
lationships of  pressure-limited  neonatal  ventilators.  Crit 
Care  Med  1983;!  1(3):  177-181. 

Greenough  A.  Greenall  F.  Gamsu  H.  Synchronous  respi- 
ration: which  ventilator  rate  is  best?  Acta  Paediatr  Scand 
1987;76:713-718. 

Field  D,  Milner  AD,  Hopkin  IE.  Manipulation  of  ventila- 
tor settings  to  prevent  active  expiration  against  positive 
pressure  inflation.  Arch  Dis  Child  1985:60:1036-1040. 
Goldstein  B.  Catlin  EA.  Vetere  JM.  Arguin  LJ.  The  role 
of  in-line  manometers  in  minimizing  peak  and  mean  air- 
way pressure  during  the  hand-regulated  ventilation  of 
newborn  infants.  RespirCare  1989;34(  I  ):23-27. 
Sullivan  L.  Strong  K.  Trahey  J.  Hess  D.  Relative  humid- 
ity delivered  by  a  neonatal  heated  wire  circuit  (abstract I. 
RespirCare  1993;38(11):1249. 


114 


RESPIRATORY  CARE  •  AUGUST  '94  Vol  39  No  8 


AARC  GUIDELINE:  NEONATAL  TIME-TRIGGERED,  PRESSURE-LIMITED,  TIME-CYCLED  MV 


Scott  LR,  Benson  MS,  Pierson  DJ.  Effect  of  inspiratory 
flowrate  and  circuit  compressible  volume  on  auto-PEEP 
during  mechanical  ventilation.  Respir  Care  1986;31(11): 
1075-1079. 

Severinghaus  JW.  Transcutaneous  blood  gas  analysis. 
Respir  Care  1982;27(2):  152-159. 

Hay  Jr  WW,  Brockway  JM.  Eyzaguirre  M.  Neonatal 
pulse  oximetry:  accuracy  and  reliability.  Pediatrics 
1989:83(51:717-722. 

Centers  for  Disease  Control.  Update:  Universal 
Precautions  for  prevention  of  transmission  of  human  im- 
munodeficiency virus,  hepatitis  B  virus,  and  other  blood- 
borne  pathogens  in  health  care  settings.  MMWR 
1988,37:377-382,387-388. 

Watkins  AMC,  Weindling  AM.  Monitoring  of  end  tidal 
COt  in  neonatal  intensive  care.  Arch  Dis  Child 
1987:62:837-859. 

Beatty  B,  Roberts  J.  End-tidal  COt  measurements  in  in- 
tubated neonates  weighing  less  than  2000  grams  (ab- 
stract). Respir  Care  1992;37(11):1341. 
American  Association  for  Respiratory  Care.  Clinical 
practice  guideline:  humidification  during  mechanical 
ventilation.  Respir  Care  1992;37(8):887-890. 
American  Association  for  Respiratory  Care.  Clinical 
practice  guideline:  patient-ventilator  system  checks. 
Respir  Care  1992;37(8):882-886. 

American  Association  for  Respiratory  Care.  Clinical 
practice  guideline:  oxygen  therapy  in  the  acute  care  hos- 
pital. Respir  Care  1991  ;36(  12):  1410- 141 3. 
McCann  EM.  Goldman  SL,  Brady  JP.  Pulmonary  func- 
tion in  the  sick  newborn  infant.  Pediatr  Res  1987:21(4): 
313-325. 

Stewart  AR,  Finer  NN,  Peters  KL.  Effects  of  alterations 
of  inspiratory  and  expiratory  pressures  and 
inspiratory/expiratory  ratios  on  mean  airway  pressure, 
blood  gases,  and  intracranial  pressure.  Pediarics 
1981;67(4):474-481. 

Ciszek  TA,  Modanlou  HD,  Owings  D,  Nelson  P.  Mean 
airway  pressure — significance  during  mechanical  venti- 
lation in  neonates.  J  Pediatr  1981  ;99(  1 ):  1 2 1  - 1 26. 
Pesenti  A,  Marcolin  R,  Prato  P.  Borelli  M.  Riboni  A, 
Gattinoni  L.  Mean  airway  pressure  vs  positive  end-expi- 
ratory pressure  during  mechanical  ventilation.  Crit  Care 
Med  1985;13(l):34-37. 

Boros  SJ,  Matalon  SV,  Ewald  R,  Leonard  AS,  Hunt  CE. 
The  effect  of  independent  variations  in  inspiratory-expi- 
ratory  ratio  and  end  expiratory  pressure  during  mechani- 
cal ventilation  in  hyaline  membrane  disease:  the  signifi- 
cance of  mean  airway  pressure.  J  Pediatr  1977:91(5): 
794-798. 

Simbruner  G.  Inadvertent  positive  end-expiratory  pres- 
sure in  mechanically  ventilated  newborn  infants:  detec- 
tion and  effect  on  lung  mechanics  and  gas  exchange.  J 
Pediatr  1986;108:589-595. 

Pierson  DJ.  Alveolar  rupture  during  mechanical  ventila- 
tion: role  of  PEEP,  peak  airway  pressure,  and  distending 
volume.  Respir  Care  1988;33(6):472-484. 
Ramsden  CA,  Reynolds  EOR.  Ventilator  settings  for 


newborn  infants.  Arch  Dis  Child  1987;62:529-538. 

106.  Boros  SJ,  Campbell  K.  A  comparison  of  the  effects  of 
high  frequency-low  tidal  volume  and  low  frequency- 
high  tidal  volume  mechanical  ventilation.  J  Pediatr 
1980;97(1):  108-1 12. 

107.  Hird  M,  Greenough  A.  Inflation  time  in  mechanical  ven- 
tilation of  preterm  neonates.  Eur  J  Pediatr 
1991;150(6):440-443. 

108.  Heicher  DA,  Kasting  DS,  Harrod  JR.  Prospective  clini- 
cal comparison  of  two  methods  for  mechanical  ventila- 
tion of  neonates:  rapid  rate  and  short  inspiratory  time 
versus  slow  rate  and  long  inspiratory  time.  J  Pediatr 
1981;98(6):957-961. 

109.  Greenough  A,  Greenall  F.  Performance  of  respirators  at 
fast  rates  commonly  used  in  neonatal  intensive  care 
units.  Pediatr  Pulmonol  1987:3:357-361. 

110.  Pohlandt  F,  Saule  H,  Schroder  H,  Leonhardt  A. 
Homchen  H,  Wolff  C,  and  Study  Group.  Decreased  inci- 
dence of  extra-alveolar  air  leakage  or  death  prior  to  air 
leakage  in  high  versus  low  rate  positive  pressure  ventila- 
tion: results  of  a  randomised  seven-centre  trial  in  preterm 
infants.  Eur  J  Pediatrics  1992;151:904-909. 

111.  Field.  D.  Milner  AD,  Hopkin  IE.  High  and  conventional 
rates  of  positive  pressure  ventilation.  Arch  Dis  Child 
1984:59:1151-1154. 

112.  Brown  WR,  Deming  D.  Ventilator  circuit  flow  does  af- 
fect lung  mechanics  of  ventilated  infants  (abstract). 
Respir  Care  1990;35(  1 1  ):1 101. 

113.  Kanter  RK,  Blatt  SD,  Zimmerman  JJ.  Initial  mechanical 
ventilator  settings  for  pediatric  patients:  clinical  judg- 
ment in  selection  of  tidal  volume.  Am  J  Emerg  Med 
1987;5:113-117. 

1 14.  MacDonald  KD,  Wang  PB.  Comparison  of  four  systems 
for  measuring  neonatal  tidal  volumes  (abstract).  Respir 
Care  1989;34{1 1 ):  1006. 

115.  Kacmarek  RM,  English  P,  Vallende  N,  Hopkins  CC. 
Extended  use  of  heated  neonatal/pediatric  ventilator  cir- 
cuits (abstract).  Respir  Care  1991:36(11):  1287. 

1 1 6.  Eller  R,  Kennedy  K,  Weber  P,  Nadzam  T,  Vargo  J,  Nield 
M  (abstract).  The  impact  of  96-hour  ventilator  circuit 
changes  on  rates  of  ventilator-associated  pneumonia  and 
costs.  Respir  Care  1993;38(  1 1 ):  1262. 

117.  American  Association  for  Respiratory  Care.  Clinical 
practice  guideline:  ventilator  circuit  changes.  Respir 
Care  1994;39(8):797-802. 

ADDITIONAL  BIBLIOGRAPHY 

Boros  SJ.  Principles  of  ventilator  care.  In:  Thibeault  DW, 
Gregory  GA,  eds.  Neonatal  pulmonary  care,  2nd  edition. 
NorwalkCT:  Appleton-Century-Crofts,  1986:367-385. 

Betit  P,  Thompson  JE,  Benjamin  PK.  Mechanical  ventilation. 
In:  Koff  PB,  Eitzman  D,  Neu  J,  eds.  Neonatal  and  pediatric  res- 
piratory care,  2nd  edition.  St  Louis:  Mosby-Year  Book, 
1993:324-344. 


RESPIRATORY  CARE  •  AUGUST  '94  Vol  39  No  8 


815 


AARC  GUIDELINE:  NEONATAL  TIME-TRIGGERED.  PRESSURE-LIMITED,  TIME-CYCLED  MV 


Goldsmith  JP.  Karotkin  EH.  Introduction  to  assisted  ventilation.  Wung  J-T.  James  LS.  Optimizing  conventional  respiratory  sup- 

In:  Goldsmith  JP.  Karotkin  EH.  eds.  Assisted  ventilation  of  the  Port-  In:  Arensman  RM,  Cornish  JD.  eds.  Extracorporeal  life 

.     ,    .     ....       n,  ,    ,  ,  ,•     ,.;D  c        i      f     imio  i  ii  support.  Boston:  Blackwell  Scientific  Publications.   1992:51- 

neona  e.  2nd  edition.  Philadelphia:  \\  B  Saunders  C  o,  1988:1-21.  KK 

'  67. 

Korones  SB.  Complications.  In:  Goldsmith  JP.  Karotkin  EH. 
....  ...  ....  ,    ,      ...  Carlo  WA.  Chatbum  RL.  Assisted  ventilation  of  the  newborn. 

eds.   Assisted   ventilation   ot   the   neonate.   2nd  edition. 

„,  ..    .  ,  ,  .     ..,„  „  „      ,„„„  -,,-  ,-,,  In:  Carlos  WA.  Chatburn  RL.  eds.  Neonatal  respiratory  care. 

Philadelphia;  WB  Saunders  Co,  1988:245-271.  „    .     ,.  .        '  ,  .  „        „,»»...     ,  „  ,, 

2nd  edition.  Chicago:   Year  Book   Medical   Publishers. 

1988:320-346 
Brad]    IP.  Gregory  GA.  Assisted  ventilation.  In:  Klaus  MH. 

Fanaroff  AA,  eds.  Care  of  the  high-risk  neonate,  2nd  edition.  _,        „„   ,     .      ,        .,..,.,,       .    _  _. 

dui  a  i  v.-     u/d  c       a       r      ,ne«mm  Crone  RK.  Assisted  ventilation  in  children.  In:  Gregory  GA.  ed. 

Philadelphia:  WB  Saunders  Co,  1988:205-223.  _  ,.  .,        .      ,       ....    ..       ..    ,     ,;,       ,.,, 

Respiratory   failure  in  the  child.   New  York:   Churchill 

Livingstone,  1981. 


! 


XI .,  RESPIRATORY  CARE  •  AUGUST  '94  Vol  39  No  8 


AARC  Clinical  Practice  Guideline 

Application  of  Continuous  Positive  Airway  Pressure  to  Neonates 
via  Nasal  Prongs  or  Nasopharyngeal  Tube 


NCPAP  1.0        PROCEDURE: 


NCPAP  3.0        SETTINGS: 


The  application  of  continuous  positive  airway  pres- 
sure to  neonates  and  infants  by  nasal  prongs 
(NCPAP)  or  by  nasopharyngeal  tube  (NP-CPAP) 
used  in  conjunction  with  a  commercially  available 
continuous-flow  infant  ventilator  or  a  suitably 
equipped  multipurpose  ventilator 

NCPAP  2.0        DESCRIPTION/DEFINITION: 

Continuous  positive  airway  pressure  (CPAP)  is  the 
application  of  positive  pressure  to  the  airways  of  the 
spontaneously  breathing  patient  throughout  the  res- 
piratory cycle.14  For  the  most  part,  neonates  are 
nose  breathers;  therefore,  the  application  of  nasal 
CPAP  is  easily  facilitated.5'1  This  is  accomplished 
by  inserting  nasopharyngeal  tubes  or  affixing  nasal 
prongs  to  the  patient.  The  device  is  attached  to  a 
warmed  and  humidified  gas  from  a  continuous-flow 
mechanical  ventilator  designed  for  neonates  or  a 
suitably  equipped  multipurpose  ventilator,  set  in  the 
CPAP  mode.713  Freestanding  systems  are  some- 
times used;  howver,  their  use  is  not  addressed  in  this 
guideline. 

CPAP  maintains  inspiratory  and  expiratory  pres- 
sures above  ambient  pressure.which  should  result  in 
an  increase  in  functional  residual  capacity  (FRC) 
and  improvement  in  static  lung  compliance  and  de- 
crease airway  resistance  in  the  infant  with  unstable 
lung  mechanics.1,3'14"20  This  allows  a  greater  volume 
change/unit  of  pressure  change  (ie,  greater  tidal  vol- 
ume for  a  given  pressure  change)  with  subsequent 
reduction  in  the  work  of  breathing  and  stabilization 
of  minute  ventilation  (VE).9-16-iX-19-21"23  CPAP  in- 
creases mean  airway  pressure,  and  the  associated  in- 
crease in  FRC  should  improve  ventilation-perfusion 
relationships  and  potentially  reduce  oxygen  require- 

ments_15,16,18,19.21.24-28 


NCPAP  or  NP-CPAP  is  applied  by  trained  person- 
nel in  acute  and  subacute  care  hospitals. 

NCPAP  4.0        INDICATIONS: 

4.1  Abnormalities  on  physical  examination — the 
presence  of  increased  work  of  breathing  as  indi- 
cated by  a  30-40%  increase  above  normal  in  res- 
piratory rate,  substernal  and  suprasternal  retrac- 
tions, grunting,  and  nasal  flaring;16'27-29  the  pres- 
ence of  pale  or  cyanotic  skin  color  and  agitation16 

4.2  Inadequate  arterial  blood  gas  values — the  in- 
ability to  maintain  a  Pao:  greater  than  50  torr 
with  F]o2  of  <  0.60  provided  Ve  is  adequate  as 

indicated  by  a  Paco;  level  of  50  torr  and  a  pH  > 

7  959.11.14 

4.3  The  presence  of  poorly  expanded  and/or  in- 
filtrated lung  fields1619  on  chest  radiograph 

4.4  The  presence  of  a  condition  thought  to  be  re- 
sponsive to  CPAP  and  associated  with  one  or 
more  of  the  clinical  presentations  in  4. 1-4.318 

4.4.1  Respiratory  distress  syndrome9"14 

4.4.2  Pulmonary  edema30 

4.4.3  Atelectasis16 

4.4.4  Apnea  of  prematurity27'3134 

4.4.5  Recent  extubation3536 

4.4.6  Tracheal  malacia  or  other  similar  ab- 
normality of  the  lower  airways9-37-38 

4.4.7  Transient  tachypnea  of  the  newborn16 

NCPAP  5.0        CONTRAINDICATIONS: 

5.1  Although  NCPAP  and  NP-CPAP  have  been 
used  in  bronchiolitis,39  this  application  may  be 
contraindicated.40 

5.2  The  need  for  intubation  and/or  mechanical 
ventilation  as  evidenced  by  the  presence  of 

5.2.1  Upper  airway  abnormalities  that 
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make  NCPAP  or  NP-CPAP  ineffective  or 
potentially  dangerous  (eg,  choanal  atresia, 
cleft  palate,  tracheoesophageal  fistula)41 

5.2.2  Severe  cardiovascular  instability  and 
impending  arrest 

5.2.3  Unstable  respiratory  drive  with  fre- 
quent apneic  episodes  resulting  in  desatu- 
ration  and/or  bradycardia 

5.2.4  Ventilatory  failure  as  indicated  by  the 
inability  to  maintain  Paco;  <  60  torr  and 
pH  >  1.2S25 

5.3.  Application  of  NCPAP  or  NP-CPAP  to  pa- 
tients with  untreated  congenital  diaphragmatic 
hernia  may  lead  to  gastric  distention  and  further 
compromise  of  thoracic  organs.41 

NCPAP  6.0       HAZARDS/COMPLICATIONS: 


6.2.1  lung  overdistention  leading  to 

6.2.1.1  air  leak  syndromes,42-43 

6.2.1.2  ventilation-perfusion  mis- 
match,15 

6.2.1.3  COt  retention  and  increased 
work  of  breathing,5-44 

6.2.1.4  impedance  of  pulmonary  blood 
flow  with  a  subsequent  increase  in  pul- 
monary vascular  resistance  and  decrease 
in  cardiac  output.30-45 

6.2.2  gastric  insufflation  and  abdominal 
distention  potentially  leading  to  aspir- 
ation.46 

6.2.3  nasal  irritation  with  septal  distortion. 

6.2.4  skin  irritation  and  pressure  necrosis. 

6.2.5  nasal  mucosal  damage  due  to  inade- 
quate humidification. 


6.1  Hazards  and  complications  associated  with 
equipment  include  the  following. 

6.1.1  Obstruction  of  nasal  prongs  from 
mucus  plugging  or  kinking  of  nasopharyn- 
geal tube  may  interfere  with  delivery  of 
CPAP  and  result  in  a  decrease  in  Fio2 
through  entrainment  of  room  air  via  oppo- 
site naris  or  mouth. 

6.1.2  Inactivation  of  airway  pressure 
alarms 

6.1.2.1  Increased  resistance  created  by 
turbulent  flow  through  the  small  orifices 
of  nasal  prongs  and  nasopharyngeal 
tubes  can  maintain  pressure  in  the  CPAP 
system  even  when  decannulation  has 
occurred.  This  can  result  in  failure  of 
low  airway  pressure/disconnect  alarms 
to  respond.5 

6.1.2.2  Complete  obstruction  of  nasal 
prongs  and  nasopharyngeal  tubes  results 
in  continued  pressurization  of  the  CPAP 
system  without  activation  of  low  or  high 
airway  pressure  alarms. 

6.1.2.3  Activation  of  a  manual  breath 
(commonly  available  on  infant  ventila- 
tors) may  cause  gastric  insufflation  and 
patient  discomfort  particularly  if  the 
peak  pressure  is  set  inappropriately 
high." 

6.2  Hazards  and  complications  associated  with 
the  patient's  clinical  condition  include 


NCPAP  7.0        LIMITATIONS  OF  DEVICE: 

7.1  NCPAP  and  NP-CPAP  applications  are  not 
benign  procedures,  and  operators  should  be 
aware  of  the  possible  hazards  and  complications 
and  take  all  necessary  precautions  to  ensure  safe 
and  effective  application. 

7.2  NCPAP  and  NP-CPAP  are  ineffective  during 
mouth  breathing,  resulting  in  loss  of  desired 
pressure  and  decrease  in  delivered  oxygen  con- 
centration.10-47-48 

7.3  NCPAP  harnesses  and  attachment  devices 
are  often  cumbersome  and  difficult  to  secure  and 
may  cause  agitation  and  result  in  inadvertent  de- 
cannulation.5-47 

NCPAP  8.0        ASSESSMENT  OF  NEED: 

Determination  that  valid  indications  are  present 
by  physical,  radiographic,  and  laboratory  assess- 
ments 

NCPAP  9.0       ASSESSMENT  OF  OUTCOME: 

CPAP  is  initiated  at  levels  of  4-5  cm  H:0  and  may 
be  gradually  increased  up  to  10  cm  H:0  to  provide 
the  following:9- '7-27-2s-475n 

9.1  Stabilization  of  F|():  requirement  <  0.60  with 
P.,o,  levels  >  50  torr  and/or  the  presence  of  clini- 
cally acceptable  noninvasive  monitoring  of oxy- 
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gen  (PtcO:)'7'25,48'49'51  while  maintaining  an  ade- 
quate Ve  as  indicated  by  Paco:  of  50-60  torr  or 
less  and  pH>  7.25. 

9.2  Reduction  in  the  work  of  breathing  as  indi- 
cated by  a  decrease  in  respiratory  rate  by  30- 
40%  and  a  decrease  in  the  severity  of  retractions, 
grunting,  and  nasal  flaring. I6-27-29 

9.3  Improvement  in  lung  volumes  and  appear- 
ance of  lung  as  indicated  by  chest  radiograph.27 

9.4  Improvement  in  patient  comfort  as  assessed 
by  bedside  caregiver. 

NCPAP  10.0       RESOURCES: 

10.1  Equipment 

10.1.1  Endotracheal  tubes  (positioned  in 
the  nasopharynx  and  secured  by  taping, 
with  placement  verified  by  laryngoscopy 
or  palpation)  or  commercially  available 
nasal  prongs  or  nasopharyngeal  tubes  with 
accompanying  harness  and  accessories 
may  be  used  for  CPAP  administration. 

10.1.2  Commercially  available  continu- 
ous-flow infant  ventilators  equipped  with 
CPAP  mode  or  suitably  equipped  multipur- 
pose ventilator,  intregral  or  adjunct  low 
and  high  airway  pressure  alarms,  low  and 
high  oxygen  concentration  alarms,  loss  of 
power  and  gas  source  alarms  may  be 
used.52 

10.1.3  Lightweight  ventilator  circuits  with 
servo-regulated  humidification  system 

10.1.4  Continuous  noninvasive  oxygena- 
tion monitoring  by  pulse  oximetry  or  tran- 
scutaneous monitor  with  high  and  low 
alarm  capabilities  is  recommended  (contin- 
uous transcutaneous  CO2  monitoring  may 
also  be  utilized).5354 

10.1.5  Continuous  electrocardiographic 
and  respiratory  rate  monitor,  with  high  and 
low  alarm  capabilities,  is  recommended. 

10.1.6  Suction  source,  suction  regulator, 
and  suction  catheters  for  periodic  suction- 
ing to  assure  patency  of  nasal  passages  and 
of  endotracheal  tubes  used  for  NP-CPAP 
are  necessary.55 

10.1.7  Resuscitation  apparatus  with  airway 
manometer  and  masks  of  appropriate  size 


should  be  available. 

10.1.8  Gastric  tube  for  periodic  decom- 
pression of  stomach  and  chest  tubes  should 
be  available. 
10.2  Personnel:  The  application  of  NCPAP  and 
NP-CPAP  should  be  performed  under  the  direc- 
tion of  a  physician  by  trained  personnel  who 
hold  a  recognized  credential  (eg,  CRTT,  RRT, 
RN)  and  who  competently  demonstrate 

10.2.1  proper  use,  understanding,  and  mas- 
tery of  the  technical  aspects  of  CPAP  de- 
vices, mechanical  ventilators,  and  humidi- 
fication systems; 

10.2.2  knowledge  of  ventilator  manage- 
ment and  understanding  of  neonatal  airway 
anatomy  and  pulmonary  physiology; 

10.2.3  patient  assessment  skills,  with  an 
understanding  of  the  interaction  between 
the  CPAP  device  and  the  patient  and  the 
ability  to  recognize  and  respond  to  adverse 
reactions  and  complications; 

10.2.4  knowledge  and  understanding  of  ar- 
tificial airway  management,  training  in  the 
procedures  of  placing  endotracheal  tubes 
in  the  nasopharynx; 

10.2.5  the  ability  to  interpret  monitored 
and  measured  blood  gas  values  and  vital 
signs; 

10.2.6  the  application  of  Universal 
Precautions;56 

10.2.7  proper  use,  understanding,  and  mas- 
tery of  emergency  resuscitation  equipment 
and  procedures; 

10.2.8  the  ability  to  assess,  evaluate,  and 
document  outcome  (Section  9.0). 

NCPAP  11.0       MONITORING: 

11.1  Patient-ventilator  system  checks  should  be 
performed  at  least  every  2  to  4  hours  and  should 
include  documentation  of  ventilator  settings  and 
patient  assessments  as  recommended  by  the 
AARC  CPG  Patient-Ventilator  System  Checks 
(MV-SC)  and  the  CPG  Humidification  during 
Mechanical  Ventilation  (HMV).57-58 

11.2  Oxygen  and  carbon  dioxide  monitoring,  in- 
cluding 

11.2.1  Periodic  sampling  of  blood  gas  val- 
ues by  arterial,  capillary,  or  venous 
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route7'9- 14.27.28.59.60 

11.2.2  Continuous  noninvasive  blood  gas 
monitoring  by  transcutaneous  O2  and  CO2 
monitors27,60 

11.2.3  Continuous  noninvasive  monitoring 
of  oxygen  saturation  by  pulse  oximetry27-38 

11.3  Continuous  monitoring  of  electrocardio- 
gram and  respiratory  rate2425-27 

11.4  Continuous  monitoring  of  proximal  airway 
pressure  (Pawh  PEEP,  and  mean  airway  pressure 

(Paw)24'25'27 

11.5  Continuous  monitoring  of  Fio:24'25'27 

11.6  Periodic  physical  assessment  of  breath 
sounds  and  signs  of  increased  work  of  breathing 
(see  Section  4. 1)16-24-25 

11.7  Periodic  evaluation  of  chest  radio- 
graphs24-27-56 

NCPAP  12.0       FREQUENCY: 

NCPAP  and  NP-CPAP  are  intended  for  continuous 
use  and  are  discontinued  when  the  patient's  clinical 
condition  improves  as  indicated  by  successful  out- 
come assessments  (Section  9.0). 

NCPAP  13.0       INFECTION  CONTROL: 

No  special  precautions  are  necessary,  but  Universal 
Precautions56  as  described  by  the  Centers  for 
Disease  Control  should  be  employed. 

13.1  Disposable  nasal  CPAP  kits  are  recom- 
mended and  are  intended  for  single-patient  use. 

13.2  Ventilator  circuits  and  humidifier  chambers 
should  not  be  changed  more  frequently  than 
every  48  hours.  The  Clinical  Practice  Guideline: 
Ventilator  Circuit  Changes,  the  CDC,  and,  re- 
ported experience61  64  suggest  that  use  periods  of 
<  5  days  are  acceptable  when  the  humidifying 
device  is  other  than  an  aerosol  generator. 

13.3  External  surfaces  of  ventilator  should  be 
cleaned  according  to  the  manufacturer's  recom- 
mendations when  the  device  has  remained  in  a  pa- 
tient's room  for  a  prolonged  period,  when  soiled, 
when  it  has  come  in  contact  with  potentially  trans- 
mittable  organisms,  and  after  each  patient  use. 

13.4  Sterile  suctioning  procedures  should  be 
strictly  adhered  to.5,55 


Perinatal-Pediatrics  Guidelines  Committee: 

Lynne  K  Bower  RRT  Chairman.  Boston  MA 

Sherry  L  Bamhart  RRT,  Mattoon  IL 

Peter  Beth  BS  RRT,  Boston  MA 

Jamie  Clink  RRT  Dallas  TX 

Barbara  Hendon  BA  RCP  RRT,  Wylie  TX 

Joanne  Masi-Lynch  BS  RRT,  Salt  Lake  City  UT 

Barbara  G  Wilson  MEd  RRT,  Durham  NC 
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AARC  Clinical  Practice  Guideline 


Surfactant  Replacement  Therapy 


SRT  1.0        PROCEDURE: 

Surfactant  replacement  therapy  in  the  neonate 

SRT  2.0        DESCRIPTION/DEFINITION: 

Natural,  endogenous  surfactant  is  a  compound  com- 
posed of  phospholipids,  neutral  lipids,  and  pro- 
teins1"5 that  forms  a  layer  between  the  alveolar  sur- 
face and  the  alveolar  gas  and  reduces  alveolar  col- 
lapse by  decreasing  surface  tension  within  the 
alveoli.-1"5  Surfactant  deficiency  is  almost  always  as- 
sociated with  the  formation  of  hyaline  membranes 
in  the  immature  lung  and  the  onset  of  respiratory 
distress  syndrome  (RDS) — a  major  cause  of  mor- 
bidity and  mortality  in  premature  infants.1  Without 
surfactant,  alveoli  may  never  inflate  or  may  collapse 
on  expiration  and  require  inordinate  force  to  re-ex- 
pand on  inspiration,  leading  to  the  development  of 
RDS.15  The  incidence  of  RDS  is  related  more  to 
lung  immaturity  than  to  gestational  age.6  However, 
in  general,  the  more  premature  the  infant,  the  less 
the  surfactant  production  and  the  higher  the  proba- 
bility for  RDS.4-6  Direct  tracheal  instillation  of  sur- 
factant has  been  shown  to  reduce  mortality  and 
morbidity  in  infants  with  RDS.725 

Surfactant  can  be  extracted  from  animal  lung  lavage 
and  from  human  amniotic  fluid  or  produced  from 
synthetic  materials. 

Two  basic  strategies  for  surfactant  replacement 
have  emerged:  (1 )  prophylactic  or  preventive  treat- 
ment in  which  surfactant  is  administered  at  the  time 
of  birth  or  shortly  thereafter  to  infants  who  are  at 
high  risk  for  developing  RDS  and  (2)  rescue  orther- 
apeutic  treatment  in  which  surfactant  is  adminis- 
tered alter  the  initiation  of  mechanical  ventilation  in 
infants  with  clinically  confirmed  RDS.2-1"12'26'27 


SRT  3.0       SETTINGS: 

Administered  by  trained  personnel  in 

3.1  Delivery  room 

3.2  Neonatal  intensive  care  unit 

SRT  4.0        INDICATIONS: 

4.1.  Prophylactic  administration  may  be  indicat- 
ed in 

4.1.1  infants  at  high  risk  of  developing 
RDS  because  of  short  gestation  (<  32 
weeks)81012-21-2529  or  low  birthweight  (< 
1,300  g),21"25-28  which  strongly  suggest 
lung  immaturity. 

4.1.2  infants  in  whom  there  is  laboratory 
evidence  of  surfactant  deficiency  such  as 
lecithin/sphingomyelin  ratio  less  than 
2:^11,14.28,30,31  bubble  stability  test  indicat- 
ing lung  immaturity.15 1:  or  the  absence  of 
phosphatidylglycerol.1114-2224-28-10 

4.2  Rescue  or  therapeutic  administration  is  indi- 
cated in  preterm  or  full-term  infants 

4.2.1  who  require  endotracheal  intubation 
and  mechanical  ventilation  because  of 

4.2.1.1  increased  work  of  breathing  as  in- 
dicated by  an  increase  in  respiratory  rate, 
substernal  and  suprasternal  retractions, 
grunting,  and  nasal  flaring.8-11-14-16'29'33-35 

4.2.1.2  increasing  oxygen  requirements 
as  indicated  by  pale  or  cyanotic  skin 
color,  agitation,  and  decreases  in  Pao:. 
Sao:,  or  Sp(v  mandating  an  increase  in 
Fio2  above  0.4011'12-15'26'33'36-38 

and 

4.2.2  have  clinical  evidence  of  RDS."  '"  in- 
cluding 

4.2.2.1   chest  radiograph  characteristic 

of  RDS  8'I1-16,33,34,36,37,40-42 
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4.2.2.2  mean  airway  pressure  greater 
than  7  cm  FLO  to  maintain  an  adequate 

PaO:,SaO:,orSpO:."'4'l5'2f'-43 

SRT  5.0       CONTRAINDICATIONS: 

Relative  contraindications  to  surfactant  administra- 
tion are 

5.1  the  presence  of  congenital  anomalies  incom- 
patible with  life  beyond  the  neonatal  peri- 
od 8- 1 4-  >  5,26,28.29,3 1 ,33,36.4 1 ,44 

5.2  respiratory  distress  in  infants  with  laboratory 
evidence  of  lung  maturity.9,14'27"29,33'36'41 

SRT  6.0       HAZARDS/COMPLICATIONS: 

6.1  Procedural  complications  resulting  from  the 
administration  of  surfactant  include 

6.1.1  plugging  of  endotracheal  tube  (ETT) 
by  surfactant;2 

6.1.2  hemoglobin  desaturation  and  in- 
creased need  for  supplemental  O2;11'33'41 

6.1.3  bradycardia  due  to  hypoxia;9'33,41'45 

6.1.4  tachycardia  due  to  agitation,  with  re- 
flux of  surfactant  into  the  ETT;34-41 

6.1.5  pharyngeal  deposition  of  surfactant; 

6.1.6  administration  of  surfactant  to  only 
one  lung; 

6.1.7  administration  of  suboptimal  dose 
secondary  to  miscalculation  or  error  in  re- 
constitution. 

6.2  Physiologic  complications  of  surfactant  re- 
placement therapy  include 

6.2.1  apnea,71315 

6.2.2  pulmonary  hemorrhage,  12.15.18.32,34,38.46.47 

6.2.3  mucus  plugs,48 

6.2.4  increased  necessity  for  treatment  for 

pDA,  18,29.30 

6.2.5  marginal  increase  in  retinopathy  of 
prematurity, ' ' 

6.2.6  barotrauma  resulting  from  increase  in 
lung  compliance  following  surfactant  re- 
placement and  failure  to  change  ventilator 
settings  accordingly.30-49 


SRT  7.0        LIMITATION  OF  METHOD: 

7.1  Surfactant  administered  prophy tactically 
may  be  given  to  some  infants  in  whom  RDS 
would  not  have  developed.10'12,26-33 

7.2  When  surfactant  is  administered  prophylacti- 
cally  in  the  delivery  room,  ETT  placement  may 
not  have  been  verified  by  chest  radiograph  re- 
sulting in  the  inadvertent  administration  to  only 
one  lung  or  to  the  stomach.26 

7.3  Prophylactic  surfactant  administration  may 
delay  patient  stabilization.26 

7.4  Atelectasis  and  lung  injury  may  occur  prior 
to  therapeutic  administration.26-33 

7.5  Tracheal  suctioning  should  be  avoided  follow- 
ing surfactant  administration.9-1  u3-14-27-33-38-44-50 

7.6  Not  all  infants  who  are  treated  with  a  single 
dose  of  surfactant  experience  a  positive  re- 
sponse39 or  the  response  may  be  transient. 

7.7  Positioning  recommended  for  surfactant  ad- 
ministration may  further  compromise  the  unsta- 
ble infant.9-1  u2-14-16-28-33-38-40 

SRT  8.0       ASSESSMENT  OF  NEED: 

Determine  that  valid  indications  are  present. 

8.1  Assess  lung  immaturity  prior  to  prophylactic 
administration  of  surfactant  by  gestational  age 
and  birthweight  and/or  by  laboratory  evaluation 
of  tracheal  or  gastric  aspirate. 

8.2  Establish  the  diagnosis  of  RDS  by  chest  ra- 
diographic criteria  and  the  requirement  for  me- 
chanical ventilation  in  the  presence  of  short  ges- 
tation and/or  low  birthweight. 

SRT  9.0       ASSESSMENT  OF  OUTCOME: 

9.1  Reduction  in  Fio2  requirement12,33,34,36"39,41,44 

9.2  Reduction  in  work  of  breathing51 

9.3  Improvement  in  lung  volumes  and  lung 
fields  as  indicated  by  chest  radiograph13,16,33,40 

9.4  Improvement  in  pulmonary  mechanics  (eg, 
compliance,  airways  resistance,  Vj,  Ve. 
transpulmonary  pressure)  and  lung  volume  (ie, 

FRC)42,43,50.52-59 

9.5  Reduction  in  ventilator  requirements  (PIP, 

PEEP  P.      )— -S.9, 1 2. 1 3,2T,30.33,3e>-3S».-4 1  ,-4-*.30,53 

9.6  Improvement  in  ratio  of  arterial  to  alveolar 
Po2(a/A  P02),  oxygen  index13-16-28-30-33-34-37"41-44 
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SRT  10.0        RESOURCES: 

Administration  procedures  recommended  for  spe- 
cific preparations  of  surfactant  should  be  adhered 
to. 

10.1  Equipment10-14-16-26-28'33-34'39-4"'511'"" 

10.1.1  Administration  equipment 

10.1.1.1  Syringe  containing  the  ordered 
dose  of  surfactant,  wanned  to  room  tem- 
perature11'12'16'38-40 

10.1.1.2  5-Fr  feeding  tube  or  catheter,  or 
endotracheal  tube  connector  with  deliv- 
ery port 

10.1.1.3  Mechanical  ventilator  or  manu- 
al ventilator  (resuscitation  bag)8-16'33'36'38' 

40.44,50.52 

10.1.2  Resuscitation  equipment 

10.1.2.1  Laryngoscope  and  endotra- 
cheal tube1"121416-26-38 

10.1.2.2  Manual  resuscitation 

bag9-I2,16,26-28,36,39,40,50  and    airway 

manometer 

10.1.2.3  Blended  oxygen  source9- l6-28'44 

10.1.2.4  Suction  equipment  (ie, 
catheters,  sterile  gloves,  collecting  bot- 
tle and  tubing,  and  vacuum  genera- 
tor)9-33'50'60 

10.1.2.5  Radiant  warmer  ready  for  use 

10.1.3  Monitoring  equipment 

10.1.3.1  Neonatal  tidal  volume  monitor 
if  available50 

10.1.3.2  Airway  pressure  monitor 

10.1.3.3  Pulse  oximeter  or  transcuta- 
neous Pco:  monitor"'26-34'39-41-52 

10.1.3.4  Cardiorespiratory  monitor 

10.2  Personnel — Surfactant  replacement  thera- 
py should  be  performed  under  the  direction  of  a 
physician  by  credentialed  personnel  (eg,  CRTT, 
RRT,  RN)  who  competently  demonstrate 

10.2.1  proper  use,  understanding,  and  mas- 
tery of  the  equipment  and  technical  aspects 
of  surfactant  replacement  therapy; 

10.2.2  comprehensive  knowledge  and  un- 
derstanding of  neonatal  ventilator  manage- 
ment and  pulmonary  anatomy  and  patho- 
physiology; 

10.2.3  neonatal  patient  assessment  skills, 
including  the  ability  to  recognize  and  re- 


spond to  adverse  reactions  and/or  compli- 
cations of  the  procedure; 

10.2.4  knowledge  and  understanding  of  the 
patient's  history  and  clinical  condition; 

10.2.5  knowledge  and  understanding  of 
airway  management; 

10.2.6  ability  to  interpret  monitored  and 
measured  blood  gas  variables  and  vital 
signs; 

10.2.7  proper  use,  understanding,  and  mas- 
tery of  emergency  resuscitation  equipment 
and  procedures; 

10.2.8  ability  to  evaluate  and  document 
outcome  (Section  9.0); 

10.2.9  understanding  and  proper  applica- 
tion of  Universal  Precautions. 

SRT  11.0       MONITORING: 

The  following  should  be  monitored  as  part  of  sur- 
factant replacement  therapy. 

11.1  Variables  to  be  monitored  during  surfactant 
administration 

11.1.1  Proper  placement  and  position  of 
delivery  device 

11.1.2  Fio;    and     ventilator    set- 

tjngc8,9,l  1,13-15,27-29,33,36,38,44 

11.1.3  Reflux  of  surfactant  into  ETT34-41 

11.1.4  position  of  patient  (ie,  head  direc- 
tion)9-1 '■-« 

11.1.5  Chest-wall  movement61 

11.1.6  Oxygen  saturation  by  pulse  oxime- 

jjyll.26,34,39-41,52 

11.1.7  Heart  rate,  respirations,  chest  expan- 
sion, skin  color,  and  vigor16-26-27-34-41-45-52 

11.2  Variables  to  be  monitored  after  surfactant 
administration 

11.2.1  Invasive  and  noninvasive 
measurements      of      arterial      blood 

sageg8,9,ll, 12-16,26-29,33,36,38,39,41,44 

11.2.2  Chest  radiograph"  l62s,6,S4,U4  _ 

11.2.3  Ventilator  settings  (PIP,  PEEP,  Pm) 
andF,o:s-9-"-l3-|6'2s-29-,,i,,-,s 

11.2.4  Pulmonary  mechanics  and  volumes 

11.2.5  Heart  rate,  respirations,  chest  expan- 
sion, skin  color,  and  vigor16-26'27'34'41'45'52 

11.2.6  Breath  sounds"'38 

11.2.7  Blood  pressure l3l6U-40-44-45 
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SRT  12.0        FREQUENCY: 

Repeat  doses  of  surfactant  are  contingent  upon  the 
continued  diagnosis  of  RDS.  The  frequency  with 
which  surfactant  replacement  is  performed  should  de- 
pend upon  the  clinical  status  of  the  patient  and  the  in- 
dication for  performing  the  procedure.  Additional 
doses  of  surfactant,  given  at  6-  to  24-hour  intervals, 
may  be  indicated  in  infants  who  experience  increasing 
ventilator  requirements  or  whose  conditions  fail  to  im- 
prove after  the  initial  dose.7-9-11-12-14-15-26'30-34-37-39'52 

SRT  13.0       INFECTION  CONTROL: 

13.1  Universal  Precautions62  should  be  imple- 
mented. 

13.2  Aseptic  technique  should  be  practiced. 

13.3  Appropriate  infection  control  guidelines  for 
the  patient  should  be  posted  and  followed. 

Perinatal-Pediatrics  Guidelines  Committee: 

Lynne  K  Bower  RRT,  Chairman,  Boston  MA 
Sherry  L  Barnhart  RRT,  Mattoon  IL 
Peter  Bent  BS  RRT,  Boston  MA 
Barbara  Hendon  BA  RRTRCP,  Wylie  TX 
Joanne  Masi-Lynch  BS  RRT,  Salt  Lake  City  UT 
Barbara  G  Wilson  MEd  RRT,  Durham  NC 
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Static  Lung  Volumes 


SLV  1.0       PROCEDURE: 

Measurement  of  static  lung  volumes  and  capacities 
in  children  (age  >  5)  and  adults — this  guideline  fo- 
cuses on  commonly  used  techniques  for  measuring 
lung  volumes,  including  spirometry,  gas-dilution 
determination  of  functional  residual  capacity 
(FRC),  and  whole-body  plethysmography  determi- 
nation of  thoracic  gas  volume  (TGV).  Other  meth- 
ods (eg,  single-breath  nitrogen,  single-breath  heli- 
um, and  roentgenologic  determinations  of  lung  vol- 
umes) are  not  discussed. 

SLV  2.0       DESCRIPTION/DEFINITIONS: 

2.1  Static  lung  volumes  are  determined  using 
methods  in  which  airflow  velocity  does  not  play 
a  role.  The  sum  of  two  or  more  lung-volume 
subdivisions  comprises  a  lung  capacity.  The  sub- 
divisions and  capacities  are  expressed  in  liters  at 
body  temperature  and  pressure  saturated  with 
water  vapor  (BTPS). 

2.2  Tidal  volume  (Vj,  TV — both  terms  have 
been  used  interchangeably.  TV  is  used  in  this 
guideline)  is  the  volume  of  air  that  is  inhaled  or 
exhaled  with  each  respiratory  cycle.1  It  varies 
with  the  conditions  (eg,  rest,  exercise,  posture). 
An  average  of  at  least  6  breaths  should  be  used.2 

2.3  Inspiratory  reserve  volume  (IRV)  is  the  max- 
imal volume  of  air  that  can  be  inhaled  from  the 
tidal-volume  end-inspiratory  level.2 

2.4  Expiratory  reserve  volume  (ERV)  is  the 
maximal  volume  of  air  that  can  be  exhaled  after 
a  normal  tidal  exhalation  (ie,  from  functional 
residua]  capacity,  or  I;RC).: 

2.5  Residual  volume  (RV)  is  the  volume  of  gas 
remaining  in  the  lung  at  the  end  of  a  maximal 
expiration.1  It  is  usually  calculated  by  subtract- 
ing the  ERV  from  FRC  (RV  =  FRC  -  ERV).  but 
can  also  be  obtained  by  subtracting  vital  capaci- 


ty (VC)  from  total  lung  capacity,  or  TLC  (RV  = 
TLC-VC).2 

2.6  Inspiratory  capacity  (IC)  is  the  maximal  vol- 
ume of  air  that  can  be  inhaled  from  the  tidal-vol- 
ume end-expiratory  level  (ie,  FRC).  It  is  equal  to 
thesumofTVdndlRV2 

2.7  Vital  capacity  (VC)  is  the  volume  change 
that  occurs  between  maximal  inspiration  and 
maximal  expiration.  The  subdivisions  of  the  VC 
include  tidal  volume  (TV),  inspiratory  reserve 
volume  (IRV),  and  expiratory  reserve  volume 
(ERV).  The  largest  of  three  technically  satisfac- 
tory vital  capacities  should  be  reported.  The  two 
largest  vital  capacities  should  agree  within  5% 
or  100  mL,  whichever  is  larger.2-3  The  volume 
change  can  be  accomplished  in  several  ways:2 

2.7.1  Inspiratory  vital  capacity  (IVC) — a 
slow  maximal  inspiration  after  a  slow  max- 
imal expiration; 

2.7.2  Expiratory  vital  capacity  (EVC): — a 
slow  maximal  expiration  after  a  slow  max- 
imal inspiration; 

2.7.3  Two-stage  vital  capacity: — a  slow 
maximal  inspiration  from  tidal-volume 
end-expiratory  level  after  a  normal  exhaled 
tidal  volume,  followed  by  quiet  breathing, 
followed  by  a  slow  maximal  expiration 
from  tidal  volume  (ie,  end-expiratory  level, 
or  functional  residual  capacity,  or  FRC) — 
the  reverse  is  also  acceptable; 

2.7.4  Forced  vital  capacity  (FVC)— the 
volume  of  air  exhaled  during  a  forced  max- 
imal expiration  following  a  forced  maxi- 
mal inspiration. 

2.8  FRC  is  the  volume  of  air  in  the  lung  at  the 
average  tidal-volume  end-expiratory  level.  It  is 
the  sum  of  the  expiratory  reserve  and  residual 
volumes.  The  method  of  measurement  should  be 
specified  (eg.  helium  dilution,  nitrogen  washout, 
body  plethysmography).2 
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2.9  Thoracic  gas  volume  (TGV,  Vjg)  is  the  vol- 
ume of  air  in  the  thorax  at  any  point  in  time  and 
at  any  level  of  thoracic  compression.  It  is  usually 
measured  by  whole-body  plethysmography.  It 
may  be  determined  at  any  level  of  lung  inflation; 
however,  it  is  most  commonly  determined  at 
FRC.2 

2.10  Total  lung  capacity  (TLC)  is  the  volume  of 
air  in  the  lung  at  the  end  of  a  maximal  inspira- 
tion. It  can  be  calculated  in  two  ways:  ( 1 )  TLC  = 
RV  +  VC,  or  (2)  TLC  =  FRC  +  IC.  The  method 
of  measurement  (eg,  gas  dilution,  body  plethys- 
mographyy)  should  be  specified.2 

SLV  3.0       SETTINGS: 

The  measurement  of  static  lung  volumes  is  per- 
formed in  the  pulmonary  function  laboratories  of 
hospitals,  clinics,  and  physicians'  offices. 
Additionally,  static  lung  volume  determinations 
may  be  performed  in  patient  care  areas. 

SLV  4.0       INDICATIONS: 

Indications  include  but  are  not  limited  to  the  need 


5.1.4  thoracic  and  abdominal  or  cerebral 

aneurysms. 
5.2  With  respect  to  whole-body  plethysmogra- 
phy, such  factors  as  claustrophobia,  upper  body 
paralysis,  obtrusive  body  casts,  or  other  condi- 
tions that  immobilize  or  prevent  the  patient  from 
fitting  into  or  gaining  access  to  the  'body  box' 
are  a  concern.  In  addition,  the  procedure  may  ne- 
cessitate stopping  intravenous  therapy  or  supple- 
mental oxygen. 

SLV  6.0        HAZARDS/COMPLICATIONS: 

6.1  Nosocomial  infection  contracted  from  im- 
properly cleaned  tubing,  mouthpieces,  and  pneu- 
motachographs 

6.2  Discomfort  associated  with  the  body  box 

6.3  Depressed  ventilatory  drive  in  susceptible 
subjects  (ie,  COt  retainers)  as  a  consequence  of 
breathing  100%  oxygen  during  the  nitrogen 
washout,5  such  patients  should  be  carefully  ob- 
served 

6.4  Hypercapnia  and  hypoxemia  during  helium- 
dilution  FRC  determinations  as  a  consequence 
of  failure  to  adequately  remove  CO2  or  add  O2 


4.1  to  differentiate  between  obstructive  and  re- 
strictive disease  patterns;2 

4.2  to  assess  response  to  therapeutic  interven- 
tions2 (eg,  drugs,  transplantation,  radiation, 
chemotherapy,  lobectomy); 

4.3  to  aid  in  the  interpretation  of  other  lung  func- 
tion tests;2 

4.4  to  make  preoperative  assessments2  in  pa- 
tients with  compromised  lung  function  (known 
or  suspected)  when  the  surgical  procedure  is 
known  to  affect  lung  function; 

4.5  to  evaluate  pulmonary  disability;2 

4.6  to  quantify  the  amount  of  nonventilated 
lung. 

SLV  5.0        CONTRAINDICATIONS: 

5.1  No  apparent  absolute  contraindications  exist; 
the  relative  contraindications  for  spirometry  are 
appropriate  and  include  the  following:4 

5.1.1  hemoptysis  of  unknown  origin, 

5.1.2  untreated  pneumothorax, 

5.1.3  unstable  cardiovascular  status. 


SLV  7.0        LIMITATIONS  OF  METHODOLO- 
GY/VALIDATION OF  RESULTS: 

7.1  Patient-related  limitations: 

7.1.1  Spirometry  is  effort-dependent  and 
requires  understanding  and  motivation  on 
the  subject's  part.  Physical  and/or  mental 
impairment  may  limit  patient's  ability  to 
perform. 

7.1.2  Some  patients  cannot  perform  the 
necessary  panting  maneuver  required  for 
plethysmographic  determination  of  FRC. 

7.1.3  Some  subjects  are  unable  to  maintain 
mouth  seal  or  cooperate  adequately  for 
time  necessary  to  perform  the  test. 

7.1.4  Certain  pathologic  conditions  in  the 
subject  can  cause  a  leak  in  a  lung  volume 
measurement  system  (eg,  perforated 
eardrum). 

7.1.5  FRC  measured  by  gas  dilution  may 
be  underestimated  in  individuals  with  air- 
flow limitation  and  air  trapping.6-7  It  has 
also  been  shown  that  body  plethysmogra- 
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phy  can  overestimate  FRC  in  subjects  with 
severe  airway  obstruction  or  induced  bron- 
chospasm.8"10 

7.1.6  The  elimination  of  nitrogen  from  tis- 
sues and  body  fluid  can  result  in  overesti- 
mation  of  the  FRC  in  healthy  subjects  un- 
less appropriate  corrections  are  made.2 
7.2  Test  validation  encompasses  those  calibra- 
tion and  procedural  elements  that  help  assure 
credible  results. 

7.2.1  Spirometry 

7.2.1.1  Spirometers  (volume-displace- 
ment devices  or  flow-sensing  devices) 
should  meet  the  American  and 
European  Thoracic  Societies'  current 
(1993)  accepted  standards.2  3  Volume- 
displacement  spirometers  should  be  leak 
tested  when  calibrated  (eg,  daily)." 

7.2.1.2  The  VC  (preferably  an  IVC) 
should  be  measured  as  close  in  time  as 
possible  to  the  FRC  determination.2 

7.2.2  Gas-dilution  methods  for  FRC  deter- 
mination 

7.2.2.1  Open  circuit  multibreath  nitro- 
gen washout  method 

7.2.2.1.1  Test  should  be  continued 
for  7  minutes  or  until  Nt  concentra- 
tion falls  below  1.0%. I2  In  subjects 
with  airflow  obstruction  and  air 
trapping,  the  time  period  for  mea- 
suring FRC  should  be  prolonged. 

7.2.1.1.2  A  minimum  of  15  minutes 
should  elapse  before  test  is  repeat- 
ed.11 

7.2.1.1.3  Initial  alveolar  nitrogen 
concentration  of  80%  can  be  as- 
sumed,2 if  patient  has  been  breath- 
ing room  air  for  >  15  minutes. 

7.2.2.2  Closed  circuit  multibreath  heli- 
um equilibration  method 

7.2.2.2.1  The  helium  concentration 
should  be  measured  at  least  every 
15  seconds,  and  water  vapor  should 
be  removed  from  the  fraction  of  gas 
that  is  introduced  into  the  helium 
analyzer. ' 

7.2.2.2.2  A  mixing  fan  should  cir- 
culate and  completely  mix  the  air 
throughout  the  main  circuit. 


7.2.2.2.3  The  breathing  valve  and 
mouthpiece  (without  a  filter) 
should  add  only  a  small  dead  space 
to  the  system  (<  60  mL  for  adult) 
and  should  easily  disassemble  for 
cleaning. 

7.2.2.2.4  Gas  mixing  is  considered 
complete  when  the  change  in  heli- 
um concentration  has  been  constant 
over  a  2-minute  period  (ie,  changes 
less  than  0.02%)  or  10  minutes  has 
elapsed.  If  the  helium  concentra- 
tion can  be  read  directly  or  pro- 
cessed by  computer,  helium  equili- 
bration can  be  assumed  when  the 
change  is  <  0.02%  in  30  seconds.2 

7.2.2.2.5  The  need  for  corrections 
for  body  absorption  of  helium  is 
controversial. 

7.2.2.2.6  At  least  5  minutes  should 
elapse  before  the  test  is  repeated. 

7.2.4  Whole  body  plethysmography 

7.2.4.1  Panting  breathing  movements 
against  the  shutter  should  be  made  at  a 
rate  of  1  cycle/second. s-'"-14 

7.2.4.2  The  cheeks  and  chin  should  be 
firmly  supported  with  both  hands. 

7.2.4.3  Plethysmographic  determination 
of  FRC  is  the  method  of  choice  in  pa- 
tients with  airflow  limitation  and  air 
trapping.2 

7.2.4.4  This  method  may  be  more  prac- 
tical in  subjects  with  short  attention 
spans  or  inability  to  stay  on  the  mouth- 
piece (eg,  children). 

7.3  Reproducibility  of  results  is  essential  to  vali- 
dation and  test  quality. 

7.3.1  Multiple  FRC  determinations  by  gas 
dilution  should  be  made,  with  at  least  two 
trials  agreeing  within  10%.'5 

7.3.2  FRC  determinations  by  body  plethys- 
mography (at  least  3  separate  trials)  should 
agree  within  5%."' 

7.3.3  The  two  largest  [C  and  ERV  mea- 
surements should  agree  within  5%  or  60 
mL  whichever  is  larger. 

7.3.4  The  two  largest  VC  measurements 
should  agree  within  5%  or  100  mL 
whichever  is  larger.3 
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7.4  Clear  and  complete  reporting  of  results  is  es- 
sential to  test  quality. 

7.4.1  The  average  FRC  value  should  al- 
ways be  reported  (ideally  including  the 
variability). 

7.4.2  The  largest  VC  should  be  reported. 

7.4.3  Either  largest  or  mean  values  may  be 
reported  for  IC  and  ERV. 

7.4.4  Acceptable  methods  for  reporting 
TLC  and  RV  are 

TLC  =  mean  FRC  +  largest  IC. 
TLC  =  RV  +  VC. 
RV  =  mean  FRC  -  mean  ERV. 
RV  =  mean  FRC  -  latest  ERV. 
RV  =  TLC  -  VC. 

7.5  Conditions  under  which  testing  is  done  can 
affect  results  and  should  be  held  constant  if  pos- 
sible. If  conditions  cannot  be  met,  the  written  re- 
port should  reflect  that. 

7.5.1  Lung  volumes  are  influenced  by 
body  position l71s  and  should  be  made  in 
the  sitting  position.  If  another  position  is 
used,  it  should  be  noted.-1 

7.5.2  Breathing  movements  should  not  be 
restricted  by  clothing.2 

7.5.3  Diurnal  variations  in  lung  function 
may  cause  differences  and,  thus,  if  serial 
measurements  will  be  performed,  the  time 
of  the  day  that  measurements  are  made 
should  be  held  constant.2 

7.5.4  The  patient  should  not  have  smoked 
for  at  least  1  hour  prior  to  the  measure- 
ments. 

7.5.5  The  patient  should  not  have  had  a 
large  meal  shortly  before  testing. 

7.5.6  Nose  clips  should  always  be  worn.2 

7.5.7  Measurements  made  at  ambient  tem- 
perature and  pressure  saturated  with  water 
vapor  (ATPS)  conditions  are  corrected  to 
body  temperature  and  pressure  saturated 
with  water  vapor  (BTPS)  conditions. 

7.5.8  No  corrections  are  necessary  for  alti- 
tude because  no  consistent  differences  in 
lung  volumes  (TLC,  VC,  FRC,  and  RV) 
due  solely  to  altitude  have  been  found  from 
sea  level  up  to  1,800  meters.1921 

7.5.9  The  patient  should  be  placed  on  the 


mouthpiece  and  asked  to  breathe  quietly 
for  30  to  60  seconds,  in  order  to  become 
accustomed  to  the  apparatus  and  attain  a 
stable  breathing  pattern  (ie,  end-expiratory 
level  reproducible  within  100  mL). 

7.5.10  The  ERV.  IC,  and  IVC  can  be  mea- 
sured before  disconnecting  the  patient 
from  measuring  systems.  Alternatively,  the 
patient  can  be  disconnected  and  the  ERV, 
IC,  and  IVC  performed  immediately  after- 
ward. 

7.5.11  If  expired  VC  is  measured  with  CO2 
absorber  in  the  system,  an  appropriate  vol- 
ume correction  should  be  made  (ie,  1 .05  X 
expired  volume). 

7.5.12  If  a  filter  is  used  during  FRC  mea- 
surement, the  filter  volume  must  be  sub- 
tracted. 

7.5.13  When  possible,  lung  volume  mea- 
surements should  precede  forced  expirato- 
ry maneuvers,  which  could  induce  bron- 
chospasm  and  thus  shift  FRC  and/or  re- 
duce VC. 

7.6  Choice  and  application  of  reference  values 
affect  interpretation. 

7.6.1  Make  a  tentative  selection  from  pub- 
lished reference  values.  The  characteristics 
of  the  healthy  reference  population  should 
match  the  study  group  with  respect  to  age, 
body  size,  gender,  and  racial  and  ethnic 
mix.  The  equipment,  techniques,  and  mea- 
surement conditions  should  be  similar. 

7.6.2  Following  selection  of  apparently  ap- 
propriate reference  values,  compare  mea- 
surements obtained  from  a  representative 
sample  of  healthy  individuals  (10-20  sub- 
jects) over  an  appropriate  age  range  to  the 
predicted  values  obtained  from  the  selected 
reference  values.  If  an  appreciable  number 
of  the  sample  falls  outside  of  the  normal 
range,  more  appropriate  reference  values 
should  be  sought.  This  procedure  detects 
only  relatively  gross  differences  between 
sample  and  reference  population.22 

7.6.3  Predicted  values  for  RV,  FRC,  and 
TLC  should  be  derived  from  the  same  ref- 
erence population. 

7.7  Expression  of  results 

7.7.1  The  common  practice  of  expressing 
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results  as  percent  predicted  and  regarding 
80%  predicted  as  the  lower  limit  of  normal 
is  not  valid  if  the  scatter  of  reference  study 
data  is  independent  of  the  level  of  lung 
function.23 

7.7.2  Another  method  for  describing  the 
upper  and  lower  limits  of  normal  comes 
from  the  standard  error  of  the  estimates 
(SEE)  around  the  regression  lines.  The  2- 
tail  95%  confidence  interval  can  be  used 
and  is  determined  by  multiplying  ±  1.96 
times  the  SEE.  The  2-tail  90%  confidence 
interval  can  also  be  used  and  is  determined 
by  multiplying  ±  1 .64  times  the  SEE.22  24 

SLV  8.0        ASSESSMENT  OF  NEED: 


response  time 
10.2  Personnel 

10.2.1  Lung  volume  testing  should  be  per- 
formed under  the  direction  of  a  physician 
specifically  trained  in  pulmonary  diagnos- 
tics.26 

10.2.2  Personnel  should  be  specifically 
trained  (with  verifiable  training  and 
demonstrated  competency)  in  all  aspects  of 
lung  volume  determination,  including 
equipment  theory  of  operation,  quality 
control,  and  test  outcomes  relative  to  diag- 
nosis and/or  medical  history.26 

10.2.3  At  least  one  of  the  following  cre- 
dentials is  recommended:  CPFT,  RPFT. 
CRTT,  RRT. 


Determination  that  valid  indications  are  present 


SLV  11.0        MONITORING: 


SLV  9.0       ASSESSMENT  OF  OUTCOME/ 
TEST  QUALITY: 


The  following  should  be  monitored  during  lung- 
volume  determinations: 


Outcome  and  test  quality  are  determined  by  ascer- 
taining that  the  desired  information  has  been  gener- 
ated for  the  specific  indication  and  that  validity  and 
reproducibility  have  been  assured. 

9.1  Results  are  valid  if  the  equipment  functions 
acceptably  and  the  subject  is  able  to  perform  the 
maneuvers  in  an  acceptable  and  reproducible 
fashion. 

9.2  Report  of  test  results  should  contain  a  state- 
ment, by  the  technician  performing  the  test, 
about  test  quality  (including  patient  understand- 
ing of  directions  and  effort  expended)  and,  if  ap- 
propriate, which  recommendations  were  not 
met.2-3-25 


11.1  test  data  of  repeated  efforts  (ie,  repro- 
ducibility of  results)  to  ascertain  the  validity  of 
results. 

11.2  the  patient  for  any  adverse  effects  of  test- 
ing. (Patients  on  supplemental  oxygen  may  re- 
quire periods  of  time  to  rest  on  oxygen  between 
trials.) 

SLV  12.0       FREQUENCY: 

The  frequency  of  lung  volume  measurements  de- 
pends on  the  clinical  status  of  the  subject  and  the  in- 
dications for  performing  the  test. 

SLV  13.0        INFECTION  CONTROL: 


SLV  10.0       RESOURCES: 

10.1   Equipment:  Specifications  should  con- 
form to  recognized  standards. 

10.1.1  Spirometer  specifications2 

10.1.2  Pneumotachograph  specifications25 

10.1.3  Helium  analyzer  (katharometer) 
specifications2^ 

10.1.4  Plethysmograph  specifications2 

10.1.5  Nitrogen  analyzer  specifications — 
range  0-100'/  ±  0.5%  with  50  millisecond 


The  measurement  of  lung  volumes  is  a  relatively 
safe  procedure  but  a  possibility  of  cross-contamina- 
tion exists,  from  the  patient-patient  or  patient-tech- 
nologist interface. 

13.1  Because  of  lack  of  evidence,  the  use  of  fil- 
ters is  neither  recommended  nor  discouraged.27 

13.1.1  If  filters  are  used  in  gas-dilulion 
procedures,  their  volume  should  be  sub- 
tracted  when  FRC  is  calculated. 

13.1.2  If  filters  are  used  in  the  plethysmo- 
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graph  system,  the  resistance  of  the  filters 
should  be  subtracted  from  the  airways  re- 
sistance calculation. 

13.2  Nondisposable  mouthpieces  and  equipment 
parts  that  come  into  contact  with  mucous  mem- 
branes, saliva,  and  expirate  should  be  cleaned 
and  sterilized  or  subjected  to  high-level  disinfec- 
tion between  patients. :8-29 

13.3  Flow  sensors,  valves,  and  tubing  not  in  di- 
rect contact  with  the  patient  should  be  routinely 
disinfected  according  to  the  hospital's  infection 
control  policy. 

13.4  Water-sealed  spirometers  should  be  drained 
weekly  and  allowed  to  dry.2 

13.5  Centers  for  Disease  Prevention  and  Control 
guidelines  for  control  of  tuberculosis  should  be 
followed.30 
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Update  on  Inhaled  Steroids 
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Adrenocorticosteroids  are  regard- 
ed as  indispensable  agents  for  the 
prevention  and  treatment  of  asthma. 
This  belief  has  been  reinforced  in  re- 
cent years  by  the  recognition  of  asth- 
ma as  a  chronic  inflammatory  dis- 
ease.12  Suppression  of  inflammation 
has  become  a  primary  goal  for  pa- 
tients with  bronchial  hyperreactivi- 
ty.3-4 Within  their  therapeutic  limita- 
tions, corticosteroids  have  assumed  a 
central  therapeutic  role  despite  their 
manifold  effects  on  metabolic  pro- 
cesses.5-6 

The  untoward  actions  of  corticos- 
teroids are  twofold — those  resulting 
from  continued  use  of  large  doses  and 
those  resulting  from  withdrawal. 
Prolonged  therapy  can  induce  fluid 
and  electrolyte  disturbances,  hyper- 
tension, hyperglycemia,  increased 
susceptibility  to  infections,  peptic  ul- 
cers, osteoporosis,  myopathy,  cata- 
racts, arrest  of  growth  and  healing 
processes,  behavioral  disturbances, 
and  development  of  the  characteristic 
habitus  known  as  Cushing's  syn- 
drome.7 Continued  administration  re- 
sults in  suppression  of  hypothalamic- 
pituitary-adrenal  (HPA)  function  that 
can  be  slow  in  returning  to  normal 
when  treatment  is  stopped.  Too  rapid 
withdrawal  may  bring  on  a  condition 
characterized  by  fever,  myalgia,  arthral- 
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gia,  and  malaise,  or  in  severe  cases 
the  shock-like  syndrome  of  acute 
adrenal  insufficiency.7  The  potency 
of  the  steroid  compound  and  the  de- 
gree of  systemic  uptake  determine  the 
extent  to  which  metabolic  changes 
occur. 

The  targets  of  therapeutic  agents 
in  asthma  are  the  bronchial  mucosal 
and  smooth  muscle  cells.  These  can 
be  reached  by  topically  applied  corti- 
costeroids delivered  by  aerosol.  If 
significant  systemic  absorption  of 
drug  can  be  avoided,  the  metabolic 
effects  can  be  minimized.8-9  Alter- 
natively, these  effects  will  be  minor  if 
the  drug  is  rapidly  inactivated  upon 
absorption  into  the  circulation.  Both 
approaches  have  been  utilized  in  con- 
structing corticosteroid  derivatives 
that  are  topically  effective  but  which 
are  either  poorly  absorbed  or  are 
promptly  biodegraded  by  the  liver.  A 
similar  rationale  is  applicable  to  the 
design  of  corticosteroids  for  applica- 
tion to  the  skin  in  the  treatment  of 
dermatoses. 

To  assess  the  topical  effectiveness 
of  corticosteroids,  a  skin  test  on  hu- 
man volunteers  has  been  devised.10 
When  applied  to  the  skin,  lipophilic 
steroids  produce  vasoconstriction.  A 
known  range  of  doses  of  the  test 
steroid  is  applied  to  the  skin  of  the 
inner  forearm,  and  the  blanching  due 
to  vasoconstriction  is  assessed  visual- 
ly in  comparison  with  the  laboratory 
standard,  fluocinolone  acetonide.  The 
systemic  activity  of  the  compound 
may  be  measured  in  mice  by  noting 
the  reduction  in  weight  of  the  thymus 
gland  7  days  after  subcutaneous  ad- 
ministration of  the  compound  in  oil." 
The  ratio  of  the  vasoconstriction  in 


man  to  thymolytic  activity  in  the 
mouse  can  be  used  as  an  index  of  se- 
lectivity for  topical  use. 

Inhaled  corticosteroids  can  pro- 
duce untoward  local  side  effects.  Oral 
candidiasis  occurs  in  about  one  third 
of  patients,12  and  is  related  to  the  fre- 
quency of  administration  and  total 
dose  of  drug.  Gargling  with  water 
after  treatment  or  the  use  of  a  spacer 
may  help  to  minimize  yeast  in- 
fection.11 Nystatin,  an  antifungal 
agent,  may  be  used  in  the  gargle  solu- 
tion if  indicated.  Another  side  effect 
is  dysphonia,  which  may  affect  up  to 
one  half  of  patients.14  In  some  sub- 
jects, deposition  of  the  corticosteroid 
on  the  vocal  cords  appears  to  cause 
bilateral  adductor-muscle  paresis 
from  local  myopathy,  resulting  in 
hoarseness.15  This  is  also  dose  relat- 
ed. 

Corticosteroids  that  are  cunently 
available  for  aerosol  administration 
to  asthmatic  patients  include  be- 
clomethasone  dipropionate,  triamci- 
nolone acetonide,  betamethasone 
valerate,  flunisolide.  budesonide,  and 
fluticasone  propionate.  Dexametha- 
sone  sodium  phosphate  is  also  mar- 
keted, but  its  prolonged  use  has  re- 
sulted in  systemic  side  effects,  in- 
cluding adrenal  suppression.16 
Structural  formulas  of  these  com- 
pounds are  shown  in  Figure  1.  The 
cortisol-like  molecule  is  an  essential 
requirement,  permitting  only  selected 
modifications.  Topical  activity  is  fa- 
vored by  substitution  of  lipophilic 
groups,  which  tend  to  favor  local  ab- 
sorption but  diminish  aqueous  solu- 
bility. Characteristics  of  topical 
agents  include  fluorine  substitution  at 
the  6  and  9  positions,  and  placement 
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Hydrocortisone 


Beclomethasone  Dipropionate 


Dexamethasone  Phosphate 


Betamethasone  Valerate 


\  Ah 


Triamcinolone  Acetonide 


Fluticasone  Propionate 

Fig.  1 .  Structural  formulas  of  corticosteroids  suitable  for  aerosol  administration.  (The  for- 
mula for  hydrocortisone  shows  positional  numbering.) 


of  lipophilic  groups  that  are  hy- 
drolyzable  by  the  liver  in  the  16,  17. 
and  2 1  positions, 

Beclomethasone  Dipropionate 

Beclomethasone  dipropionate,17  in 

its  original  structural  form,  is  a  drug 
closely  related  to  prednisolone  and 


similar  to  hydrocortisone.  Propionic 
acid  esterification  in  the  17  and  21 
positions  forms  a  lipophilic,  nearly 
insoluble,  and  topically  active  com- 
pound. This  drug  was  introduced  in 
the  United  States  in  1972  as  the  first 
corticosteroid  to  be  given  exclusively 
by  aerosol.  It  is  still  the  standard  of 
comparison  for  new  derivatives.  In- 


haled beclomethasone  dipropionate. 
400  to  800  ^g  daily,  can  reduce  the 
need  for  oral  maintenance  steroids  in 
the  majority  of  asthmatic  patients 
who  require  them  in  their  mainte- 
nance regimen.  It  is  about  500  times 
more  potent  topically  than  hydrocor- 
tisone or  dexamethasone  but  is  inef- 
fective orally  due  to  its  low  solubili- 
ty 

The  maximum  recommended 
daily  dose  of  beclomethasone  dipro- 
pionate is  840 /Jg,  which  usually  does 
not  alter  HPA  function  or  produce 
significant  metabolic  changes. 
Incfeasing  the  dosage  to  2,000  fig 
daily  may  provide  additional  clinical 
benefit  in  some  patients  with  refrac- 
tory bronchospasm  but  with  in- 
creased risk  of  systemic  toxicity.18 
There  is  no  evidence  that  the  drug 
damages  the  tracheobronchial  mu- 
cosal lining.19  It  is  taken  up  and  bio- 
transformed  by  the  lung  tissue  so  that 
systemic  absorption  is  minimal.  The 
portion  of  administered  drug  that  is 
swallowed  is  rapidly  metabolized  by 
the  liver  so  that  little  or  no  cumulative 
effect  occurs. 

Triamcinolone  Acetonide 

The  unsubstituted  drug,  triamcino- 
lone, is  a  synthetic  corticosteroid 
comparable  in  potency  to  methyl- 
prednisolone  that  is  marketed  for  oral 
use.  It  is  notable  for  its  lack  of  miner- 
alocorticoid  activity,  and  will  actual- 
ly cause  sodium  and  water  diuresis. 
When  conjugated  with  acetone  at  the 
16,  17  positions  (as  a  ketal),  a  lipo- 
philic compound  is  produced  that  is 
effective  given  by  aerosol.  It  is  mar- 
keted with  its  own  spacer  device 
(Azmacort®).  Triamcinolone  aceto- 
nide shows  little  detectable  systemic 
activity.  Inhalation  doses  of  400  to 
1.400  jjtg  per  day  were  studied  in  se- 
vere steroid-dependent  adult  asthmat- 
ics.2" A  return  to  normal  adrenal 
function  occurred  in  those  patients 
able  to  discontinue  oral  steroids,  and 
side  effects  were  minimal. 
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Betamethasone  Valerate 

Betamethasone  valerate,  unavail- 
able for  aerosol  use  in  the  United 
States,  is  an  insoluble  ester  of  beta- 
methasone, a  potent  corticosteroid  re- 
lated structurally  to  dexamethasone. 

Flunisolide 

Flunisolide  is  an  isomer  of 
triamcinolone  acetonide.  The  only 
structural  difference  between  the  two 
compounds  is  that  a  fluorine  sub- 
stituent  is  in  the  6  position  in  flu- 
nisolide and  in  the  9  position  in  tri- 
amcinolone acetonide.  The  ketal  ace- 
tone conjugate  in  the  16,  17  positions 
renders  flunisolide  virtually  insoluble 
in  water.  The  oral  aerosol  preparation 
is  marketed  as  a  microcrystalline 
hemihydrate  in  fluorocarbon  propel- 
lants,  with  sorbitan  trioleate  as  a  dis- 
persing agent.  A  study  comparing 
outcomes  with  flunisolide  and  be- 
clomethasone  dipropionate  in  30 
steroid-dependent  asthmatics  did  not 
reveal  significant  differences.21 

Budesonide 

Budesonide22  represents  a  struc- 
tural departure  from  other  topical 
steroids.  It  contains  no  halogen,  and 
the  lipophilic  substituent  is  a  16,  17 
butylidine  bis-oxy  moiety.  Although 
it  has  been  widely  used  in  Europe 
since  1982,23  it  is  not  yet  available  in 
the  United  States.  It  is  claimed  to 
have  a  higher  ratio  of  topical-to-sys- 
temic activity  than  any  of  the  preced- 
ing agents.24  However,  a  controlled 
trial  did  not  demonstrate  any  superi- 
ority over  beclomethasone  dipropi- 
onate.4 Doses  of  400  to  2.400  /vg  per 
day  have  been  recommended.  The 
higher  ranges  are  more  effective,25 
but  some  adrenal  suppression  has 
been  reported.17 

Fluticasone  Propionate 

Fluticasone  propionate  is  a  newly 
introduced  agent  of  considerable 
promise,  although  it  has  yet  to  re- 


ceive the  approval  of  the  U.S.  Food  & 
Drug  Administration.  Its  structure  is 
significantly  different  from  any  of  its 
predecessors.  The  17  position  is  bi- 
substituted  with  propionate  and  fluo- 
romethyl  carbothioate  groups,  both  of 
which  can  be  rapidly  hydrolyzed  by 
the  liver.  Its  lipophilic  character  is  re- 
inforced by  fluorine  substitution  at 
both  6  and  9  positions.  The  develop- 
mental chemistry  and  relationships  to 
earlier  drugs  are  detailed  in  a  recent 
article.11 

Fluticasone  propionate  has  almost 
twice  the  topical  anti-inflammatory 
potency  of  beclomethasone  dipropi- 
onate.211 It  is  not  appreciably  absorbed 
from  the  gastrointestinal  tract,  but  the 
fraction  of  active  drug  absorbed  from 
the  lungs  after  inhalation  (and  there- 
fore its  total  systemic  availability) 
has  yet  to  be  determined. 

The  efficacy  of  inhaled  fluticasone 
propionate,  50  to  2,000  jUg/day  ad- 
ministered for  up  to  1  year  has  been 
assessed  in  more  than  4,000  patients 
with  asthma.26  In  one  clinical  study  it 
was  found  to  be  as  effective  at  half 
the  dose  required  for  beclomethasone 
dipropionate  or  budesonide.27  Cur- 
rent evidence  suggests  that  it  is  po- 
tentially beneficial  and  well  tolerated 
in  children.28  In  studies  on  adult  asth- 
matics, fluticasone  propionate  admin- 
istered at  doses  of  1 ,500  /Jg/day  for  1 
year  or  2,000  /ig/day  for  6  weeks  did 
not  cause  suppression  of  plasma  Cor- 
tisol levels.2''  In  human  volunteers, 
some  reduction  was  noted  after  intra- 
venous administration  of  single 
2,000-^g  doses.30 

Considering  the  structural  limita- 
tions of  the  glucocorticoid  molecule, 
it  is  likely  that  the  ideal  topical  agent 
will  be  difficult  or  impossible  to  de- 
sign. However,  the  widespread  adop- 
tion of  aerosolized  steroids  as  main- 
tenance therapy  for  mild-to-moderate 
asthmatics  has  stimulated  research 
interest.  The  primary  quest  is  for  in- 
creased topical  potency  without  toxi- 
city hazards,  which  could  enable  clin- 
icians to  control  severe  asthmatic  pa- 


tients without  the  necessity  for  oral 
steroids." 
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Choose  the  single  most-correct  answer. 

The  issue  and  page  number  of  the  paper  to  which  the  question  applies  are  given  in 

brackets  [  ]  following  the  question. 


1.  Which  of  the  following  is  most  correct? 
Increased  susceptibility  to  injury  from  oxygen 
toxicity  may  be  associated  with 

a.  young  age  of  the  subject  (in  animals). 

b.  previous  exposure  to  sublethal  concentra- 
tions of  supplemental  oxygen. 

c.  the  presence  of  certain  endotoxins. 

d.  a  generalized  decrease  in  metabolism  (as  in 
hypothyroidism). 

e.  the  administration  of  certain  chemothera- 
peutic  agents  (eg,  bleomycin). 

[July  93:739-753] 

2.  Which  of  the  following  is  most  correct! 
Inhaled  nitric  oxide  should 

a.  reduce  intrapulmonary  shunt. 

b.  exert  a  generalized  vasodilator  effect  on  the 
pulmonary  vasculature. 

c.  selectively  decrease  the  perfusion  of  venti- 
lated regions  of  the  lung. 

d.  bind  rapidly  with  hemoglobin  to  affect  the 
systemic  circulation. 

e.  a  &  c. 

[July  93:754-768] 

3.  Which  of  the  following  is  most  correct"? 
Desirable  results  of  hypothermia  may  include 

a.  increased  Vco:- 

b.  right-shift  of  oxyhemoglobin  dissociation 
curve. 

c.  increased  blood  viscosity. 

d.  decreased  Vo:  with  preserved  ability  to  ex- 
tract 02. 

e.  b  &  d. 

[July  93:769-783] 

4.  Which  of  the  following  statements  is  incorrect! 

a.  D0,  -  (CI)  [( 1 .34)  (Hb)  (Sa0,)  +  (0.003)  (Pa0,). 

b.  V02  =  (CI)[C(a_v)0:]. 

c.  Physiologic  supply-dependency  refers  to  a 
reduction  in  D0:- 

d.  Pathologic  supply-dependency  refers  to  in- 
efficient oxygen  extraction. 

e.  If  Vo2  decreases  significantly  when  D<j.  is  in- 
creased, clinical  supply-dependency  is  said  to  exist. 

|  July  93:8()0-828| 


5.  Which  of  the  following  is  inconsistent  with  the 
management  approach  described  by  Wood  and 
Hall? 

a.  Clinical  evidence  of  adequate  cardiac  out- 
put includes  adequate  pulse  pressure,  warm  dig- 
its with  good  nail-bed  perfusion,  absence  of 
tachycardia,  and  lactic  acidemia. 

b.  Because  the  lactic  acidosis  seen  in  septic 
patients  with  AHRF  is  always  a  consequence  of 
anaerobic  metabolism,  maximizing  Do:  will  re- 
solve the  acidosis. 

c.  Immediate  goal  of  hemodynamic  measure- 
ment is  the  least  Ppcw  to  provide  an  adequate  CO. 

d.  There  is  no  predetermined  target  value  for 
PpcW  or  CO. 

e.  None  of  the  above 

[July  93:784-799] 

6.  According  to  Morris's  assessment,  which  of  the 
following  statements  is  incorrect? 

a.  Permissive  hypercapnia  is  clearly  the  supe- 
rior ventilator  management  strategy  for  ARDS. 

b.  Most  medical  therapy  has  never  been  docu- 
mented to  produce  more  good  than  harm. 

c.  The  major  advantage  of  an  experimental 
over  an  observational  study  is  the  strength  of 
causal  inference  it  offers. 

d.  The  randomized  double-blind  trial  is  the 
ideal  design  for  between-group  comparison. 

e.  Therapy  standardization  by  protocol  can  re- 
duce random  and  systematic  bias  introduced  by 
members  of  the  clinical  care  team. 

[July  93:829-841] 

7.  According  to  the  summary  by  Dantzker,  which 
of  the  following  is  the  most  correct? 

a.  Lactate  levels  can  be  influenced  by  acid- 
base  state  and  nutritional  state  independent  of 
the  adequacy  of  tissue  oxygenation. 

b.  To:  provides  us  with  a  good  estimate  of  the 
amount  of  Oj  actually  delivered  to  the  tissues. 

c.  V(),  is  easy  to  assess  in  the  critically  ill  and 
is  a  sensitive  index  of  visceral  function. 

d.  Pvo:  is  an  excellent  indicator  of  the  adequa- 
cy of  tissue  oxygenation. 

e.  Above  a  certain  critical  level,  reductions  in 
Tq:  always  result  in  a  fall  in  V():. 

[July  93:842-8461 
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8.  In  the  paper  by  McPeck  et  al,  which  of  the  fol- 
lowing is  most  correct? 

a.  Results  suggest  that  3  of  4  ventilators  were 
able  to  run  the  nebulizer  to  dryness  in  20-30 
minutes. 

b.  Pressures  in  the  nebulizer  tubing  of  8.5  to 
14.7  psig  were  associated  with  more  efficient 
nebulization. 

c.  Both  nebulizers  in  combination  with  3  of 
the  ventilators  were  able  to  deliver  >  9.6%  of 
the  nebulizer  charge  for  the  filter. 

d.  All  of  the  above 

e.  All  but  c 

[August  93:887-895] 

9.  In  the  paper  describing  a  method  for  predicting 
expiratory  time  for  a  desired  intrinsic  PEEP 
level,  the  following  points  are  made. 

a.  Intrinsic  PEEP  is  likely  to  occur  when  ( 1 ) 
expiratory  time  is  inadequate  for  complete  ex- 
halation and  (2)  patients  present  with  premature 
airway  closure. 

b.  If  the  practitioner  adjusts  a  mechanical  ven- 
tilator to  generate  applied  PEEP  (PEEPappi)  and 
then  progressively  shortens  expiratory  time,  at 
some  point  PEEP]  and  PEEPappi  will  co-exist. 

c.  If  R,  C,  and  PEEP]  of  the  lung  are  known,  te 
necessary  to  achieve  any  other  PEEPi  (except  0) 
can  be  calculated. 

d.  All  of  the  above 

e.  Onlya&b 

[August  93:896-905] 

10.  In  the  paper  on  clinical  instructor  training, 
which  of  the  following  is  most  correct? 

a.  The  importance  of  interrater  reliability  in 
clinical  performance  evaluation,  key  perfor- 
mance elements,  correct  performance,  and 
checklist  use  was  addressed  during  training  of 
the  experimental  group. 

b.  No  difference  in  interobserver  agreement 
was  seen  between  the  experimental  and  control 
groups. 

c.  The  effect  size  suggests  that  the  interven- 
tion had  no  practical  importance. 

d.  Instructors  with  more  experience  and  more 
advanced  credentials  performed  better  than 
those  with  lesser  experience  and  lesser  creden- 
tials. 

e.  Videotaping  was  found  to  be  essential  to 
performance  evaluation. 

[August  93:906-915] 


11.  The  'take  home'  message  from  the  peak  flow 
meter  study  by  Simmons  et  al  was 

a.  bias  was  observed  among  flow  meters  of 
different  brands  but  not  among  units  of  the 
same  brand. 

b.  observed  bias  of  none  of  the  devices 
changed  over  time. 

c.  a  subject's  apparent  PEFR  change  could  be 
due  only  to  the  use  of  a  different  PFM. 

d.  bias  was  defined  as  the  constant  effect  of 
different  operators  across  all  maneuvers. 

e.  a  &  c 

[August  93:916-922] 

12.  Related  to  the  study  by  Graybeal  &  Russell, 
which  of  the  following  is  incorrect? 

a-  P(a-et)CO:  is  small  and  stable  in  healthy 
adults. 

b.  In  the  80  patients  studied  (613  paired  mea- 
surements), correlation  between  Paco:  and 
Petco:  was  positive  and  <  3%  showed  disagree- 
ment in  direction  of  change. 

c.  The  authors  believe  that  if  Petcc>2 is  to  De  an 
adequate  surrogate  for  Paco:>  then  APetco:  must 
reflect  APaco:  in  both  magnitude  and  direction. 

d.  The  frequent  changes  in  Vq/Vt  that  can 
occur  in  critically  ill  patients  may  contribute  to 
the  poor  correlation  between  Petco:  and  Paco2 
found  in  the  study. 

e.  In  the  authors'  review  of  the  literature,  no 
studies  were  able  to  retrospectively  identify 
those  patients  in  whom  there  would  be  a  signifi- 
cant positive  correlation  between  Paco:  and 

PetCO  :• 

[August  93:923-928] 

13.  All  of  the  following  statements  are  correct  ex- 
cept which  one? 

a.  Recognition  of  changes  in  pulmonary  compli- 
ance by  bedside  measurement  may  be  useful  in 
titrating  bronchodilator  and  surfactant  therapy. 

b.  Total  pulmonary  compliance  is  calculated 
by  dividing  the  change  in  pressure  by  the 
change  in  volume. 

c.  The  commonly  held  belief  that  the  "educat- 
ed hand"  permits  detection  of  subtle  changes  in 
pulmonary  compliance  has  been  disputed. 

d.  The  presence  of  a  large  leak  renders  com- 
pliance calculation  inaccurate. 

e.  Because  of  a  persisting  Hering-Breuer  re- 
flex, the  respiratory  muscles  of  infants  are  nor- 
mally relaxed  at  occlusion  volumes  above  end- 
expiratory  volumes. 

[September  93:985-992] 
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14.  In  the  case  report  on  ARDS  during  pregnancy, 
which  of  the  following  is  most  correct? 

a.  The  infant's  anomalies  were  directly  at- 
tributable to  the  insult  sustained  by  the  mother. 

b.  ARDS  during  pregnancy  has  been  attribut- 
ed to  amniotic  fluid  embolism,  eclampsia,  pla- 
cental abruption,  and  tocolytic  therapy. 

c.  ARDS  is  a  frequent  sequela  of  acute 
pyelonephritis  in  pregnancy  (occurring  in  25- 
30%  of  cases). 

d.  The  most  likely  cause  of  ARDS  in  the  re- 
ported patient  was  polyhydramnios  and  associ- 
ated fetal  anomalies. 

e.  The  effect  of  vasoactive  drugs  on  uterine 
blood  flow  is  well  studied  in  human  subjects. 

[September  93:993-996) 

15.  According  to  the  paper  on  occupational  asthma 
(OA),  which  of  the  following  is  most  correct? 

a.  Prevalence  of  OA  varies  little  from  occupa- 
tion to  occupation. 

b.  OA  appears  to  be  becoming  the  most  preva- 
lent of  all  occupational  lung  diseases. 

c.  The  mechanism  for  the  development  of  OA 
is  solely  immunologic. 

d.  Agents  known  to  be  responsible  for  the  ex- 
cess of  cases  of  OA  in  respiratory  care  practi- 
tioners are  glutaraldehyde,  pentamidine,  metha- 
choline,  and  latex. 

e.  According  to  the  study  by  Kern  and 
Frumkin.  respiratory  care  practitioners  are  more 
than  10  times  more  likely  than  controls  to  de- 
velop asthma. 

[September  93:997-1004] 

16.  Which  of  the  following  statements  concerning 
drug  administration  during  ACLS  is  incorrect? 

a.  A  therapeutic  option  that  is  inappropriate, 
without  supporting  data,  and  potentially  harm- 
ful has  a  Class  III  designation. 

b.  Epinephrine  has  an  alpha-adrenergic  recep- 
tor-stimulating effect  and  is  given  to  increase 
cardiac  output. 

c.  Excessive  catecholamine  level  can  produce 
tachycardia  and  recurrent  ventricular  fibrillation. 

d.  When  venous  access  is  unattainable,  diluted 
epinephrine,  lidocaine,  or  atropine  should  be 
given  endotracheally  at  2.5  times  the  given  dose. 

e.  Administration  of  sodium  bicarbonate  facil- 
itates defibrillation  and  corrects  hyperosmolari- 
ty  and  hypernatremia. 

|  September  93: 1020- 102  3 1 


17.  Although  this  study  found  no  differences  in  the 
weight  of  secretions,  Spo;,  heart  rate,  and  blood 
pressure  between  high-frequency  chest-wall 
compression  (HFCC)  and  manual  percussion 
and  drainage  (P&D)  therapy,  several  important 
conclusions  can  be  drawn. 

a.  HFCC  may  not  be  feasible  because  of  its  cost. 

b.  Even  after  more  than  500  hours  of  service,  there 
were  no  equipment  malfunctions  with  HFCC. 

c.  There  was  a  trend  toward  improved  patient 
perception  of  comfort  with  HFCC. 

d.  HFCC  is  less  labor-intensive  than  manual  P&D. 

e.  All  of  the  above  except  b 

[October  93: 1081-1087] 

18.  Sulfhemoglobinemia  is  a  rare  disorder  that 

a.  is  characterized  by  peripheral  cyanosis  and 
is  responsive  to  100%  oxygen. 

b.  is  often  misdiagnosed  as  methemoglobine- 
mia because  of  their  spectral  proximity. 

c.  is  probably  less  common  (prevalent)  than 
methemoglobinemia. 

d.  should  be  suspected  in  the  presence  of  an 
abnormally  high  metHb  level  from  a  4-wave- 
length  spectrophotometer  without  the  corrobo- 
ration of  physical  signs  of  metHb. 

e.  is  described  by  all  of  the  above  except  c. 

[October  93: 1088- 1091] 

19.  From  the  study  by  Akingbola  et  al,  which  of  the 
following  is  incorrect?  Use  of  short-term  non- 
invasive bilevel  positive  airway  pressure 

a.  successfully  avoided  intubation. 

b.  reversed  atelectasis. 

c.  reduced  mortality. 

d.  may  not  be  an  option  in  confused  or  com- 
bative patients. 

e.  has  not  been  rigorously  studied  in  children. 

[October  93: 1092- 1098] 

20.  In  their  study  comparing  standard  capping  to  a 
1-way  valve  for  tracheostomy  decannulation, 
Le  et  al  found  that 

a.  patients  universally  preferred  the  1-way 
valve  technique. 

b.  there  was  no  statistically  significant  differ- 
ence between  the  two  methods  with  respect  to 
time  to  decannulation  or  decannulation  failure. 

c.  thick  secretions  are  not  a  contraindication 
to  decannulation  attempts. 

d.  both  techniques  are  labor-intensive. 

e.  all  of  the  above  are  true. 

[November  93:1161-1167] 
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21.  The  success  of  the  Respiratory  Therapy  Consult 
Service  at  the  Cleveland  Clinic  reported  by 
Stolleret  al 

a.  required  the  cooperation  and  participation 
of  all  the  medical  staff. 

b.  could  not  be  implemented  until  the  entire 
respiratory  therapy  staff  had  been  oriented. 

c.  resulted  in  fewer  treatments/patient. 

d.  shows  that  such  a  service  can  be  imple- 
mented in  a  large  teaching  hospital  with 
widespread  physician  and  nursing  support. 

e.  lies  in  its  proven  ability  to  reduce  misallo- 
cation  of  respiratory  care  services. 

[November93:1143-1154] 

22.  In  this  TYRS  by  Brooks  and  Mishoe.  the  inter- 
pretation of  the  CT  scan  requires  that  the  spatial 
orientation  of  the  patient  be 

a.  caudal  to  cephalad  and  left  chest  is  on  your  right. 

b.  cephalad  to  caudal  and  left  chest  is  on  your 
right. 

c.  cephalad  to  caudal  and  right  chest  is  on 
your  right. 

d.  caudal  to  cephalad  and  right  chest  is  on 
your  right. 

e.  caudal  to  cephalad  or  cephalad  to  caudal 
and  the  left  chest  is  on  your  right. 

[December  93:1201-1204] 

23.  Within  minutes,  wood-smoke  inhalation  causes 
atelectasis,  increased  venous  admixture,  hypox- 
emia, and  pulmonary  edema  in  anesthetized 
dogs.  The  addition  of  10  cm  H20  PEEP  did  not 
result  in 

a.  restored  Pao2  and  Cl  to  pre-injury  values. 

b.  significantly  reduced  carboxyhemoglobin. 

c.  reversed  pulmonary  edema. 

d.  improved  cardiac  index  and  decreased  ve- 
nous admixture. 

e.  any  of  the  above. 

[December  93: 1346- 1354] 


24.  The  records  of  25 1  infants  admitted  to  an  NICU 
were  retrospectively  reviewed  to  determine  the 
relative  contribution  of  various  treatments  on 
surfactant  and  central  venous  catheters  (CVCs) 
and  dexamethasone  therapy  to  the  incidence  of 
neonatal  infection.  They  found  that 

a.  cultures  were  taken  more  often  on  cases 
than  controls  in  the  dexamethasone-  and  surfac- 
tant-treated series. 

b.  cases  in  the  central-line  group  had  signifi- 
cantly more  positive  blood  cultures  than  their 
matched  controls. 

c.  birthweight,  gestation,  and  CVC  were  sig- 
nificantly associated  with  neonatal  sepsis. 

d.  neither  surfactant  nor  dexamethasone  treat- 
ment was  significantly  associated  with  the  inci- 
dence of  neonatal  infection. 

e.  all  of  the  above  are  true  except  c. 

[December  93: 1355-1363] 

25.  The  use  of  ^-adrenergic  bronchodilators  and  an- 
timuscarinics  in  combination  by  inhalation  is 
being  investigated  for  a  number  of  airway  disor- 
ders. The  evidence  supports  that  the  effect(s)  of 
this  combination  is/are 

a.  stronger  than  either  agent  alone  in  asthmat- 
ics with  acute  and  stable  disease. 

b.  stronger  if  the  antimuscarinic  is  adminis- 
tered first. 

c.  stronger  and  more  prolonged  than  either 
agent  alone  in  patients  with  stable  COPD. 

d.  stronger  than  either  agent  alone  in  patients 
with  chronic  bronchitis. 

e.  all  of  the  above. 

[December  93: 1364-1388] 

26.  All  of  the  following  except  one  are  common 
characteristics  of  ^-adrenergic  bronchodilators. 
Which  one? 

a.  They  stimulate  the  receptors  of  the  sympa- 
thetic neural  pathway  of  the  central  nervous 
system. 

b.  They  have  a  significant  effect  on  bronchio- 
lar  smooth  muscle  tone  even  though  there  are 
no  sympathetic  fibers  in  the  lung. 

c.  They  stimulate  the  conversion  of  cATP  to 
cAMP  as  long  as  adenyl-cyclase  levels  are  low. 

d.  Their  main  therapeutic  effect  is  bronchodi- 
latation. 

e.  They  inhibit  antigen-induced  release  of 
mast-cell  mediators. 

[December  93:1364-1388] 
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27.  A  woman  sustained  blunt  trauma  to  her  ab- 
domen as  the  result  of  an  automobile  accident. 
The  diagnosis  of  diaphragmatic  rupture  was 
made  from  the  initial  chest  radiograph  that 
showed 

a.  deviation  of  the  trachea  toward  the  affected 
side. 

b.  a  widened  mediastinum. 

c.  the  nasogastric  tube  and  the  outline  of  the 
stomach  and  bowel  loops  in  the  chest. 

d.  all  of  the  above. 

e.  a  &  c  only. 

[December  93: 1423-1427] 

28.  Which  of  the  following  statements  about  meta- 
analysis (MA)  is  true? 

a.  MA  is  a  qualitative  integration  of  the  find- 
ings of  a  number  of  studies. 

b.  The  consensus  of  clinicians  and  investiga- 
tors is  that  only  papers  published  in  peer  re- 
viewed journals  should  be  included  in  a  MA. 

c.  The  probability  of  rejecting  a  false  null  hy- 
pothesis (ie,  power)  is  reduced  by  MA. 

d.  If  a  MA  is  said  to  be  stable  to  additional 
studies,  a  small  number  of  studies  with  insignif- 
icant results  will  reduce  a  significant  effect  size 
to  insignificance. 

e.  None  of  the  above 

[January  94:34-49] 

29.  According  to  studies  cited  in  the  paper  by 
Heffner,  portable  chest  radiographs  are  indicat- 
ed in  critically  ill  patients  except 

a.  after  placement  of  a  chest  tube. 

b.  after  most  tracheotomies. 

c.  after  most  translaryngeal  intubations. 

d.  on  admission  to  the  ICU. 

e.  with  changes  in  clinical  status  suggesting 
radiographically  demonstrable  disorders. 

[January  94:51-62] 

30.  Which  of  the  following  is  incorrect! 

a.  The  normal  result  of  inhaling  CCh  is  an  in- 
crease in  central  neural  drive  and  level  of  venti- 
lation. 

b.  With  the  progressive  hyperoxic  hypercap- 
nic  technique,  every  10  torr  increase  in  Pco:  is 
expected  to  increase  minute  ventilation  by  20  L. 

c.  During  exercise,  a  normal  subject  increases 
minute  ventilation  by  increasing  tidal  volume 
and  breathing  rate. 

d.  A  crushed  phrenic  nerve  will  repair  itself  in 
2-6  months. 

e.  None  of  the  above  is  incorrect. 

[January  94:67-69] 


31.  According  to  the  review  by  Hess,  which  of  the 
following  is  incorrect! 

a.  The  appropriate  dose  of  bronchodilator  via 
MDI  for  intubated  patients  is  unresolved. 

b.  With  high-dose  ^-agonist  therapy,  the  pa- 
tient should  be  monitored  for  side  effects  such 
as  arrhythmias,  tremor,  and  hypokalemia. 

c.  During  passive  mechanical  ventilation, 
WOB  can  be  estimated  from  measurements  of 
pressure  and  flow  at  the  proximal  airway. 

d.  Peak  inspiratory  pressure  and  auto-PEEP 
were  reduced  after  bronchodilator  administra- 
tion in  the  series  by  Gay  et  al. 

e.  The  presence  of  a  humidifier  in  the  ventila- 
tor circuit  is  desirable  during  therapeutic 
aerosol  administration. 

[February  94:105-122] 

32.  According  to  Durbin's  review,  which  is  incor- 
rect? 

a.  Changes  in  Syo:  can  be  interpreted  indepen- 
dently without  consideration  of  other  patient 
variables. 

b.  Clinical  efficacy  is  defined  as  the  ability  of 
a  device  or  treatment  to  achieve  its  ascribed 
goals  under  controlled  circumstances. 

c.  Clinical  effectiveness  is  the  ability  of  a  de- 
vice or  treatment  to  achieve  the  desired  results 
in  clinical  applications  that  cannot  be  rigorously 
controlled. 

d.  Cost  analysis  should  include  consideration 
of  direct  costs,  indirect  costs  and  savings,  and 
caregiver  impact. 

e.  A  monitor  is  cost-effective  when  it  costs 
less  or  incurs  less  risk  than  other  monitors  in 
use — in  addition  to  being  clinically  effective. 

[February  94:123-136] 

33.  According  to  the  article  on  flow-triggering  sys- 
tems, which  of  the  following  is  incorrect1. 

a.  Sassoon  has  shown  that  in  the  Puritan- 
Bennett  7200ae,  WOB  is  less  during  flow-trig- 
gering than  during  pressure-triggering. 

b.  On  certain  ventilators,  the  Percent  Rise 
Time  and  Pressure  Slope  settings  control  how 
quickly  the  limit  variable  is  reached  during  in- 
spiration. 

c.  The  fastest  rise-time  always  results  in  the 
lowest  WOB. 

d.  Flow-triggering  appears  to  improve  patient- 
ventilator  synchrony. 

e.  Flow-triggering  cannot  reduce  the  WOB 
due  to  the  endotracheal  tube  or  auto-PEEP. 

[February  94:138-144] 
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34.  According  to  the  review  by  Judson  and  Sahn, 

a.  the  rate  of  ciliary  beat  and  the  proportion  of 
ciliated  cells  increase  distally  in  the  airways. 

b.  tracheobronchial  suction  can  impair  mu- 
cociliary clearance. 

c.  tracheal  intubation  almost  always  leads  to 
decreased  mucus  secretion. 

d.  Sackner  et  al's  work  suggests  that  mucus 
transport  is  not  impaired  as  long  as  oxygen  con- 
centration is  maintained  below  75%. 

e.  the  clinical  effectiveness  of  ^-agonists  in 
mobilizing  secretions  has  been  well  established 
by  published  studies. 

[March  94:213-226] 

35.  According  to  the  review  by  Campbell,  which  is 
incorrect? 

a.  'Across  the  board,'  the  more  ventilator 
alarms  that  are  operative,  the  safer  is  the  patient. 

b.  Although  it  is  technically  difficult,  pressure 
measurement  at  the  distal  end  of  the  endotra- 
cheal tube  is  optimal. 

c.  The  major  factor  affecting  the  volume  that 
reaches  the  patient's  lungs  through  an  intact  cir- 
cuit is  probably  the  compressible  volume  of  the 
circuit. 

d.  Unstable  mechanically  ventilated  patients 
may  require  constant  or  almost  constant  surveil- 
lance. 

e.  Ventilator  circuits  become  contaminated 
quickly  (within  8  hours). 

[March  94:227-236] 

36.  According  to  the  paper  by  Graybeal  and  Russell 
on  end-tidal  carbon  dioxide  measurement, 
which  is  incorrect? 

a.  P(a-  eiico:  has  been  shown  to  correlate  with 
alveolar  dead  space  and  dead-space-to-tidal 
volume  ratio. 

b.  The  design  of  the  Raman  spectrometer  uti- 
lizes the  light-scattering  properties  of  gases. 

c.  No  significant  differences  were  found  be- 
tween the  measurements  by  Raman  and  mass 
spectrometry. 

d.  An  advantage  of  the  Raman  spectrometer  is 
the  fact  that  a  measurement  error  in  gas  present 
in  a  mixture  does  not  affect  the  reported  values 
of  other  gases  present  in  the  mixture. 

e.  The  results  of  the  reported  study  suggest 
that  for  Petco:  it  may  be  desirable  to  use  the 
same  device  for  all  measurements  on  a  given 
patient. 

[March  94:190-194] 


37.  In  his  conference  summary,  Dr  Pierson  empha- 
sizes 

a.  that  respiratory  care  practitioners  need  to 
become  less  tied  to  equipment  and  more  com- 
mitted to  becoming  educators,  consultants,  and 
coordinators  of  care. 

b.  that  the  more  we  are  able  to  care  for  our  pa- 
tients at  home,  the  more  we  enhance  their  quali- 
ty of  life  and  reduce  the  cost  of  their  care. 

c.  that  all  patients  who  fail  to  wean  from  me- 
chanical ventilation  in  the  ICU  are  candidates 
for  long-term  ventilation. 

d.  a  &  b  only. 

e.  all  of  the  above  except  b. 

[April  94:294-308) 

38.  Patrick  Dunne  calls  for  modernization  of  our 
outdated  system  of  reimbursement  for  home 
respiratory  care.  The  impetus  for  this  modern- 
ization does  not  include  which  of  the  follow- 
ing? 

a.  Only  the  economically  disadvantaged  can 
be  cared  for  at  home 

b.  The  provision  of  respiratory  care  services  in 
the  home  has  been  proven  to  be  cost-effective. 

c.  The  contribution  of  the  respiratory  therapist 
in  home  health-care  is  being  recognized. 

d.  The  home  may  become  the  primary  health- 
care site  of  the  future. 

e.  The  evidence  supports  that  with  proper  edu- 
cation, training,  and  follow-up,  medically  naive 
caregivers  can  collaborate  with  home  health- 
care professionals  to  achieve  successful  patient 
outcomes. 

[April  94:309-320] 

39.  Fletcher  reports  that  NOD  cannot  be  reliably 
predicted  by 

a.  daytime  Pao:- 

b.  mean  nocturnal  saturation. 

c.  episodes  of  desaturation  during  REM  sleep 
defined  by  polysomnography. 

d.  a  &  b  only. 

e.  age  and  gender. 

[April  94:333-346] 
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40.  According  to  Giordano,  several  important  factors 
limit  the  function  of  RCPs  in  the  home.  Which  of  the 
following  is/are  true? 

a.  Respiratory  home  care  can  only  be  provid- 
ed by  RCPs  to  patients  who  can  pay  for  it  out- 
of-pocket.  Because  RCPs  cannot  be  reimbursed 
for  home  care,  patients  at  home  with  respiratory 
disease  are  discriminated  against. 

b.  There  are  no  data  to  show  the  cost-effec- 
tiveness of  RCPs  in  home  care. 

c.  Only  a  few  respiratory  therapists  have  a 
strong  desire  to  work  in  the  home-care  setting. 

d.  RCPs  must  expand  their  education  and  vi- 
sion to  be  ready  to  practice  in  patients'  homes 
when  the  opportunity  arises. 

e.  All  of  the  above  are  true. 

[April  94:321-332] 

41.  Stoller  reports  that  the  best  predictor  of  hypox- 
emia at  altitude  (cabin  pressure  =  Pb  at  8,000  ft) 


Pao:  at  sea  level  %  predicted  FEV  i . 
PAO:at  sea  level. 
D(a-A)0:at  sea  level. 
MMEF<  lOOL/min. 
all  of  the  above. 

[April  94:347-362] 


44.  The  principles  that  apply  to  exercise  training  in 
general 

a.  are  that  exercise  programs  should  be  de- 
signed to  achieve  specific  goals  in  the  target 
muscle  group;  the  effect  of  training  the  muscles 
is  directly  related  to  the  intensity  (magnitude) 
and  duration  of  the  load  applied  to  the  muscles; 
and  the  effect  achieved  by  muscle  training  is 
lost  if  the  exercise  is  stopped. 

b.  apply  to  all  voluntary  skeletal  muscles  ex- 
cept those  of  respiration. 

c.  apply  to  all  voluntary  skeletal  muscles  in- 
cluding those  of  respiration. 

d.  are  a  &  b  only. 

e.  are  a  &  c  only. 

|  May  94:481-500] 

45.  Noninvasive  positive  pressure  ventilation  is 
clearly  indicated  for  patients  with 

a.  chest-wall  disorders  such  as  kyphoscoliosis 
and  the  deforming  sequelae  of  tuberculosis. 

b.  neuromuscular  disorders  and  limited  swal- 
lowing capability. 

c.  any  patient  with  hypercapnia. 

d.  a  &  c  only. 

e.  b  &  c  only. 

[May  94:501-5 14] 


42.  Unlike  center-based  sleep  studies,  those  done  in 
the  patients'  homes  often 

a.  are  performed  by  untrained  personnel. 

b.  lack  technical  standardization. 

c.  are  unattended. 

d.  may  include  all  of  the  above. 

e.  must  be  confirmed  by  center-based  studies. 

|  April  94:390-400] 

43.  An  abnormality  in  any  component  of  the  mu- 
cociliary escalator — the  gel  and  sol  layers  and 
the  cilia  themselves — can  result  in 

a.  ineffective  cough. 

b.  bronchiectasis. 

c.  infection. 

d.  all  of  the  above. 

e.  a  &  c  only. 

[May  94:440-455] 


46.  Any  individual  who  requires  ventilatory  sup- 
port can  be  weaned  from  the  endotracheal-tra- 
cheostomy tube  and  ventilated  noninvasively 
except 

a.  those  who  cannot  tolerate  heavy  sedation. 

b.  those  whose  bulbar  muscle  function  is  inad- 
equate for  swallowing. 

c.  those  who  require  even  minimal  supple- 
mental oxygen. 

d.  those  whose  peak  cough  expiratory  Hows 
are  <  50  L/min. 

e.  all  of  the  above. 

|  May  94:5  1 5-53 1 1 
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47.  In  the  study  comparing  the  work  of  breathing 
associated  with  artificial  airways  in  a  lung 
model,  Davis  et  al  found 

a.  that  as  flow  increased,  measured  work  of 
breathing  increased  and  peak  negative  pressure 
decreased. 

b.  that  measured  work  of  breathing  varied  in- 
versely with  endotracheal  tube  size. 

c.  that  in  vitro  measurements  of  airway  resis- 
tance grossly  overestimate  those  made  in  vivo. 

d.  that  the  resistance  to  airflow  in  tracheosto- 
my tubes  is  significantly  higher  than  that  in  en- 
dotracheal tubes. 

e.  all  of  the  above. 

[June  94:61 1-616] 

48.  Vocal  cord  paralysis  in  newborn  infants 

a.  occurs  in  23%  of  all  live  births. 

b.  is  idiopathic  in  about  a  third  of  patients. 

c.  is  only  incident  in  full-term  deliveries. 

d.  can  only  be  confirmed  diagnostically  by 
rigid  bronchoscopy. 

e.  should  be  suspected  in  any  infant  born  pre- 
maturely. 

[June  94:630-634] 


49.  Using  the  Siemens  900C  ventilator,  Madsen  et 
al  tested  the  expiratory  hold  and  the 
clamping/transducing  methods  for  quantitating 
intrinsic  PEEP  and 

a.  found  that  the  values  produced  by  both 
methods  were  in  good  agreement. 

b.  discovered  that  circuit  compliance  did  not 
influence  the  measurements  of  intrinsic  PEEP 
with  either  method. 

c.  concluded  that  the  clamping/transducing 
method  was  more  feasible  for  bedside  use  than 
the  expiratory  hold  method  because  it  was  less 
time  consuming. 

d.  confirmed  that  these  measurements  were 
grossly  inaccurate  in  patients  who  were  phar- 
macologically paralyzed. 

e.  discovered  all  of  the  above. 

[June  94:623-626] 

50.  In  their  article  on  cerebral  arterial  gas  embolism 
(CAGE),  Layon,  Layon,  and  Nelson  emphasize 

a.  that  the  risk  of  misdiagnosis  due  to  the 
body's  slow  response  to  dysbarism. 

b.  that  the  diagnosis  must  be  based  on  sophis- 
ticated laboratory  data  because  information 
from  the  history  and  physical  are  often  mislead- 
ing. 

c.  that  the  extent  of  the  neurologic  morbidity 
is  directly  related  to  the  volume  and  duration  of 
air  in  the  cerebral  blood  volume. 

d.  that,  overall,  CABG  is  fatal  in  about  50%  of 
cases. 

e.  all  of  the  above  except  c. 

[June  94:635-6441 
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Retrospectroscope  Redux: 


Who's  Who  in  World  History 


A  few  nights  ago  I  watched  a  rerun  on  television  of 
one  of  Groucho  Marx's  quiz  shows,  "You  Bet  Your 
Life."  Groucho's  standard  format  is  first  to  interview  a 
pair  of  contestants,  slyly  insulting  each  in  his  inim- 
itable way,  and  then  giving  them  a  chance  to  make  a 
little  money.  All  they  must  do  is  answer  correctly  four 
questions,  in  a  category  they  themselves  have  selected. 
The  first  round  of  questions  is  pretty  easy  and  most 
contestants  win  a  few  hundred  dollars  and  so  qualify 
for  a  chance  at  the  big  money,  either  $2,000,  $5,000, 
or  $10,000,  depending  on  the  turn  of  a  wheel.  Now 
the  contestants  must  provide  the  right  answer  to  a  sin- 
gle but  not-so-easy  question.  This  time  the  question 
was,  for  me,  elementary — "Who  discovered  peni- 
cillin?" The  contestants  hadn't  the  foggiest  idea  and 
left  the  stage  without  the  big  prize  and  dejected. 

I  wondered  and  kept  on  wondering  why  they  didn't 
know.  Certainly  the  discovery  of  penicillin  has  result- 
ed in  saving  more  lives  than  most  any  other  single 
event  since  the  beginnings  of  history.  I  turned  to  the 
F's  in  an  unabridged  dictionary'  to  see  if  Fleming's 
name  was  there;  it  was  indeed — "Sir  Alexander, 
Scottish  bacteriologist  and  physician;  co-discoverer  of 
penicillin,  1929."  I  then  turned  to  the  same  dictio- 
nary's "Major  Dates  in  World  History,"  a  special  sup- 
plement of  21  oversize  pages  containing,  in  all,  1,770 
entries.  The  first  entry  was  3200  B.C.  (the  first  dynasty 
in  Egypt)  and  the  last  was  Pope  Paul  VTs  ecumenical 
council  at  the  Vatican  in  1965. 

1  found  the  year  1929,  when  Fleming  discovered 
penicillin.  There  were  four  entries  lor  1929:  the  reign 
of  Zogu  (King  of  Albania),  the  acceptance  of  the 
Young  reparations  plan  by  the  Germans  and  the 
Allies,  the  crash  <>l  the  New  York  Stock  Market,  and 
the  inauguration  of  I  lerbert  I  Ioover  as  President.  The 
discover)  <>l  penicillin  was  not  (here.  I  wondered 
whether   Roentgen's    1895  discovery  of  x-rays  was  a 
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"major  date  in  world  history";  it  was  not,  though  the 
entries  for  1895  included  the  Sino-Japanese  War,  the 
Dreyfus  case,  the  reign  of  Nicholas  II  of  Russia,  and 
"Far  F.astern  Crises."  Surely,  I  mused,  Harvey's  discov- 
ery of  the  circulation  of  the  blood  must  have  made  it. 
But  although  the  year  1628  included  the  reign  of 
Philip  TV  of  Spain,  the  reign  of  Charles  I  of  England, 
the  signing  of  the  Petition  of  Right  by  Charles  I,  and 
the  chartering  of  the  Massachusetts  Bay  Company,  it 
did  not  include  William  Harvey. 

I  then  thought  that  it  would  be  interesting  to  see 
whether  any  of  the  56  discoveries  honored  by  Nobel 
prize  awards  in  medicine  or  physiology  between  1901 
and  1965  (the  dates  of  the  first  Nobel  award  and  the 
compilation  of  Random  House's  list)  were  included  in 
"Major  Dates  in  World  History'."  I  didn't  expect  to  find 
Crick,  Watson,  and  Wilkins's  discovery  of  the  double 
helical  structure  of  DNA  (too  esoteric)  but  I  thought  I 
might  find  Von  Behring  (who  discovered  diphtheria 
antitoxin),  or  Ross  (who  found  that  malaria  was  trans- 
mitted by  mosquitoes),  or  Koch  (who  identified  the 
tubercle  bacillus  as  the  cause  of  tuberculosis),  or  Bant- 
ing and  MacLeod  (who  extracted  insulin  from  the 
pancreas  and  initiated  the  treatment  of  diabetes),  or 
Domagk  (who  inaugurated  modern  chemotherapy 
with  the  discovery  of  Prontosil®,  forerunner  of  sul- 
fanilamide), or  Theiler  (who  prepared  vaccines  effec- 
tive against  yellow  fever),  or  Enders,  Weller,  and 
Robbins  (who  made  polio  vaccine  possible).  No;  none 
made  the  list.  Neither  did  anv  pre-Nobel  biomedical 
scientist  such  as  Claude  Bernard.  Gregor  Mendel, 
Louis  Pasteur,  Edward  Jenner,  or  Charles  Darwin. 

With  the  single  exception  of  the  discovery  of  "blue 
galaxies"  in  I960,  physics,  chemistry,  astronomy,  and 
mathematics  also  struck  out — not  a  single  Hue  for 
Aristotle.  Copernicus,  Galileo,  Kepler,  Newton.  Caven- 
dish, Lavoisier,  Yolta.  Dalton,  Thomson.  I  lei  t/.  (  hit  ie, 
Einstein,  Bohr,  or  Lawrence,  and  not  a  single  word 
about  electricity,  atomic  structure,  or  radioactivity. 

Engineering  and   invention   fared  better.   Lucius 
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Tarquinius  Priscus  (616-578  B.C.)  made  the  list  for 
building  the  "great  sewer"  (Cloaca  Maxima).  Prince 
Chen  (259-210  B.C.)  got  in  by  standardizing  weights 
and  measures.  The  Tennessee  Valley  Authority  (1933) 
is  there,  as  is  the  use  of  pilotlessjet  missiles  (1944),  the 
dropping  of  the  first  atomic  bomb  (1945),  the  launch- 
ing of  Sputnik  (1957),  and  the  U-2  high  altitude  re- 
connaissance plane  (1960).  Indeed,  the  atomic  bomb 
and  its  more  powerful  derivatives  received  1 1  separate 
entries  and  space  vehicles  racked  up  15  (7  more  than 
all  of  the  earlier  explorers  of  the  then-unknown 
world — Ericson,  Columbus,  da  Gama,  Vespucci,  de 
Leon,  Drake,  Raleigh,  and  Hudson).  But  invention 
and  engineering  completely  ignored  the  printing 
press,  the  steam  engine,  the  airplane,  radio,  television, 
and  radar;  it  even  skipped  the  whole  Industrial  Revo- 
lution. 

Art?  Music?  Painting?  Architecture?  Literature?  No — 
not  even  Homer  or  Leonardo  or  Shakespeare.  Only 
three  of  the  1,770  entries  mention  a  museum  (Pto- 
lemy's in  Alexandria  about  300  B.C.),  a  library  (Pope 
Nicholas  V's  in  the  Vatican  about  1450),  or  a  book 
(the  King  James  version  of  the  Bible  in  1611). 

Law  made  it  5  times  for  legal,  judicial,  or  constitu- 
tional reforms:  Hammurabi,  Babylon,  eighteenth  cen- 
tury B.C.;  Solon,  Greece,  about  590  B.C.;  Roman  law, 
451  B.C.;  Magna  Carta,  1215  A.D.;  and  systemization 
of  English  law,  about  1280  A.D. 

Social  reform  had  3  entries:  prohibition  of  slavery 
in  British  colonies  (1833),  restrictions  on  child  labor 
in  England  (1834),  and  Lincoln's  Emancipation 
Proclamation  (1863). 

Because  these  account  for  only  50  of  the  1,770  en- 
tries, I  began  to  wonder  "What  is  history?  What  were 
the  other  1,720  entries?"  I  haven't  categorized  and  tal- 
lied them  but  most  of  them  deal  with  who  ruled 
whom,  when,  and  how;  how  rulers  met  their  death  or 
meted  it  out  to  others  (beheading — old  style,  guillo- 
tine— modern  style,  assassination,  poisoning,  suicide); 
invasions,  wars,  battles,  massacres,  and  the  number  of 
casualties;  treaties  and  when  they  were  broken;  burn- 
ing, sacking,  razing,  looting,  inquisition,  and  excom- 
munication. (This  isn't  much  different  from  Ambrose 
Bierce's  definition  of  history:  "An  account  mostly 
false,  of  events  mostly  unimportant,  which  are 
brought  about  by  rulers  mostly  knaves,  and  soldiers 
mostly  fools."2) 

Back  to  Groucho  Marx  and  "Who  discovered  peni- 
cillin?" If  the  Random  House  supplement  is  represen- 
tative of  modern  teaching  of  world  history,  Groucho's 
contestants  didn't  really  have  a  chance  at  their 
$10,000.  Is  it  representative?  I  tracked  down  about  10 
history  texts  now  in  use  in  our  high  schools  and  col- 
leges and  leafed  through  them.  Some,  I'm  glad  to  say, 
do  devote  a  fair  number  of  pages  to  the  arts  and  sci- 
ences; one  even  traces  science  from  its  beginnings  in 


Greece  (great  science)  through  Rome  (little  science), 
to  the  intellectual  revolution  of  the  17th  and  18th  cen- 
turies and  the  new  intellectual  revolution  of  the  19th 
and  20th  centuries,  and  it  does  indeed  mention 
Banting,  Salk,  Sabin,  Waksman,  Fleming,  and 
Domagk — right  in  the  middle  of  a  history  text!  Others 
give  only  a  nod  to  the  arts  and  sciences.  Most  treat  art 
and  science  in  separate  chapters — not  really  part  of 
the  real  ongoing  history  of  kings,  princes,  czars,  em- 
perors, presidents,  popes,  wars,  and  treaties,  and  easy 
to  omit  if  the  instructor  chooses  to  skip  about. 

One  interesting  presentation  was  not  in  a  history 
text  but  in  JB  Conant's  Harvard  Case  Histories  in 
Experimental  Science.3  Conant  was  an  eminent  chemist 
and  educator  who  was  President  of  Harvard  University 
between  1933  and  1953.  He  believed  it  important  for 
future  voters  and  those  they  elect  to  office  to  under- 
stand the  "tactics  and  strategy"  of  science  and  how  sci- 
ence fits  in  with  all  other  fields  of  human  activity.  His 
method  was  to  show  when,  how,  and  why  great  scien- 
tific discoveries  came  about. 

His  Chapter  Two  deals  with  the  great  Chemical 
Revolution  of  1775-1789  (ushered  in  by  the  discovery 
of  oxygen),  and  he  intertwines  its  events  with  those  of 
three  other  revolutions:  the  Industrial  Revolution,  the 
Declaration  of  American  Independence,  and  the 
French  Revolution.  Here,  slightly  abridged,  is  his 
chronological  table  of  what  mattered  between  1760 
and  1799  (the  starred  events  were  also  listed  in 
Random  House's  supplement;  the  others  were  not). 
[See  table  on  page  852.] 

Conant  might  have  gone  beyond  interweaving  four 
revolutions  into  one  chronological  table;  he  might, 
from  his  vantage  point  almost  two  centuries  later, 
have  analyzed  critically  the  influence  of  each  on  the 
quality  of  life  throughout  the  world  in  mid-20th  centu- 
ry. The  American  Revolution  might  have  received  first 
place  with  the  Industrial  and  Chemical  Revolutions 
(and  the  Revolution  in  Physics  that  followed  just  a  few 
years  later)  close  behind.  Two  hundred  years  from 
now,  the  order  may  be  reversed.  Or  the  Revolution  in 
Biomedical  Sciences  may  take  top  place.  In  any  case,  I 
fervently  hope  that  Random  House,  if  space  prevents 
additions  to  its  "Major  Dates  in  World  History,"  will  be 
willing  to  delete  "Reign  of  Zogu,  King  of  Albania" 
from  its  1929  listings  and  substitute  "Fleming  discov- 
ers penicillin." 

JULIUS  H.  COMROE,  JR. 
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CONANTS  CHRONOLOGICAL  TABLE 

1760  Smeaton  improves  blast  furnaces  for  producing  cast  iron. 

1760  Bridgewater  canal  completed;  halves  cost  of  coal  in  Manchester. 

1760  Factory  system  and  use  of  water-driven  machinery  firmly  established  in  English  silk  industry. 

*  1 765  Stamp  Act 

1766  Cavendish  (London)  isolates  and  describes  hydrogen  gas  (inflammable  air). 

1 769  Watt's  first  steam  engine. 

1772  Lavoisier's  experiments  with  sulfur  and  phosphorus.  Priestley  publishes  his  test  for  the  "goodness" 

of  air. 

1 774  Death  of  Louis  XV. 

1775  Lavoisier's  "Easter  Memoir"  on  calcination.  ["Calcination"  here  refers  to  the  heating  of  metallic 
mercury  in  air  to  yield  mercuric  oxide;  the  latter,  heated  to  much  higher  temperatures,  decompos- 
es into  metallic  mercury  and  oxygen  gas.]  Priestley's  effective  discovery  of  oxygen. 

*1776  Declaration  of -American  Independence. 

1776  Publication  of  Adam  Smith's  Wealth  of  Nations. 

1778  Lavoisier's  revised  memoir  on  calcination  [and  discovery  of  oxygen]. 

*  1 781  Capitulation  of  British  at  Yorktown. 
1782 

to  1783  Composition  of  water  established;  spread  of  Lavoisier's  ideas;  last  stand  of  phlogiston  theory. 

1783  Lavoisier  and  Laplace  determine  large  number  of  specific  heats. 

1784  Cort's  pudding  process  for  making  malleable  iron  from  cast  iron  using  coal  as  fuel. 
*1783  Peace  between  Great  Britain  and  the  United  States. 

1784  Watt's  improved  steam  engine. 

1 785  Watt  proposes  bleaching  textiles  with  chlorine  gas. 
*1787  Constitutional  convention  at  Philadelphia. 

1 789  Publication  of  Lavoisier's  Traite Elementaire  de  Chimie  setting  forth  results  of  the  chemical  revolution 

in  clear  and  systematic  form. 

*  1 789  Fall  of  the  Bastille  (July) . 

1791  Birmingham  mob  burns  Priestley's  house. 

*1 792  Attack  on  the  Tuileries,  Louis  XVI  a  prisoner;  French  Republic  proclaimed. 

*1793  War  between  Great  Britain  and  France,  continues  with  only  short  truces  until  1815. 

1794  Execution  of  Lavoisier  (May  8);  fall  and  death  of  Robespierre  (July);  end  of  [the  Reign  of] 
Terror. 

1796  Production  of  cast  iron  in  Great  Britain  125,000  tons,  double  the  figure  of  a  decade  earlier. 

*1798  Battle  of  the  Nile.  Nelson's  victory  ensures  supremacy  of  British  fleet. 

1798  Publication  of  Essay  on  Population  by  Malthus. 

*1799  Napoleon  becomes  First  Consul. 
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Listing  and  Reviews  of  Books  and  Other  Media 

Note  to  publishers:  Send  review  eopies  of  books,  films,  tapes,  and  software  to 
Respiratory  Care,  1 1030  Abies  Lane,  Dallas  TX  75229  4503. 


Books,  Films, 
Tapes,  &  Software 


Comprehensive  Perinatal  and  Pediatric 
Respiratory  Care,  by  Kent  Whitaker  BS 
RRT,  with  4  contributors.  Soft-cover.  688 
pages,  illustrated.  Albany  NY:  Delmar 
Publishers,  1992.  $35.95.  1-800-347-7707. 

Kent  Whitaker,  a  respiratory  therapy 
instructor  at  Weber  State  University  in 
Ogden,  Utah,  has  enlisted  several  special- 
ist contributors  to  round  out  this  book,  de- 
signed in  part  to  be  used  as  a  study  guide 
for  students  taking  the  NBRC  exam.  These 
specialists  (a  home  care  consultant,  a  phar- 
macy director,  a  nursing  professor,  and  a 
neonatal-perinatal  physician)  contribute  to 
the  5  sections:  Development  and  Care  of 
the  Fetus —  Conception  to  Birth,  Care  of 
the  Neonatal  and  Pediatric  Patient.  Causes 
and  Care  of  Illness  in  Perinatal  and 
Pediatric  Patients,  Management  of 
Ventilation  and  Oxygenation,  and 
Transport,  Home  Care,  and  Care  of  the 
Parents. 

Simple  diagrams,  radiographs,  photos, 
and  tables  are  provided  to  help  with  expla- 
nations; and  at  the  end  of  each  chapter,  a 
bibliography  and  suggested  reading  list  are 
found.  Each  chapter  also  contains  a  self- 
evaluation  posttest,  with  answers  provided 
in  the  back  of  the  book. 

Comprehensive  Perinatal  and 
Pediatric  Respiratory  Care  details  care 
of  the  newborn  in  20  chapters,  with  several 
chapters  addressing  different  topics  under 
each  of  the  above  sections.  I  find  the  chap- 
ters to  be  easy  reading;  however,  only  the 
most  basic  information  is  covered.  It  ap- 
pears to  be  a  good  resource  book  for  a  stu- 
dent who  has  no  previous  knowledge  of 
neonatal  medicine.  The  author  addresses 
step  by  step  the  details  necessary  in  per- 
forming particular  clinical  functions.  For 
example,  in  Chapter  7.  Respiratory  Care 
Procedures,  he  details  suctioning,  giving  a 
brief  description  of  indications  for  suction- 
ing, as  well  as  information  about  the  equip- 
ment, procedure,  and  hazards  of  suction- 
ing. It  is  written  in  a  clear,  precise  format, 
is  readable,  and  allows  for  easy  interpreta- 
tion. For  respiratory  therapists  working  in 
a  Level- 1  nursery,  this  book  is  a  good  ref- 
erence. The  author  has  included  excellent 
illustrations  with  lots  of  photos  and  draw- 
ings of  how  equipment  should  be  set  up, 
again  making  for  ease  of  understanding. 
He  gives  brief  synopses  of  some  newer 
technologies  that  are  quite  commonplace 
in  a  more  advanced  nursery  setting  (ie,  sur- 


factant, high-frequency  ventilation,  and 
ECMO). 

In  addition  to  a  glossary  and  index,  a 
practice  exam  is  provided  that  closely  re- 
sembles the  NBRC  exam.  Whitaker  not 
only  gives  the  reader  the  answers  to  his 
questions,  but  he  also  follows  them  up  with 
the  rationale  for  his  thinking  and  refer- 
ences the  chapter  in  which  information  can 
be  found. 

Overall.  I  consider  this  book  to  be  ben- 
eficial to  a  student  in  a  respiratory  therapy 
program  learning  for  the  very  first  time 
about  the  care  and  treatment  of  neonates. 

Brenda  Kaye  BA  RRT 

Research  Assistant 

Neonatal/Pulmonary  Research  Group 

Department  of  Respiratory  Care 

Children's  Hospital 

Oakland.  California 


Medical  Terminology  Simplified:  A  Pro- 
grammed Learning  Approach  by  Body 
Systems,  by  Barbara  A  Gylys  MEd  CMA- 
A.  Soft-cover,  illustrated,  492  pages,  with 
2  audiotapes  (4  sides).  Philadelphia:  FA 
Davis  Co,  1993.  $29.95. 

This  text  is  written  to  provide  students 
with  an  easier  and  more  practical  method 
with  which  to  leam  medical  terminology. 
We  believe  that  it  is  better  than  other  simi- 
lar books  because  it  employs  techniques 
other  than  rote  memorization  to  teach  the 
vocabulary.  Included  with  the  definitions 
are  explanations  of  how  each  word  is 
formed,  as  well  as  the  origin  of  each  word, 
which  may  help  the  student  with  subse- 
quent terms.  This  book  includes  excellent 
four-color,  three-color,  and  black  and  white 
illustrations,  flash  cards,  and  accompanying 
audiotapes  to  assist  the  student  with  review, 
reference,  and  pronunciation.  The  text  is 
also  unique  because  it  includes  appendices 
consisting  of  both  a  medical-word  and  an 
English-term  index;  clinical,  radiographic, 
and  laboratory  procedures  that  are  com- 
monly used  to  diagnose  and  treat  patients; 
medications;  abbreviations;  and  a  summary 
and  description  of  medical  specialties. 
Interestingly,  pulmonology  is  not  included 
in  the  author's  list  of  medical  specialties. 
The  text  is  comprehensive  and  adequately 
covers  each  body  system. 

Medical  Terminology  Simplified  is 
intended  for  college-level  allied  health  or 


nursing  students.  Although  the  text  would 
probably  be  used  for  science  and  health  ca- 
reer majors,  it  is  written  so  that  even  an  in- 
dividual who  had  never  been  exposed  to 
medical  terminology  could  gain  a  basic  un- 
derstanding of  medical  vocabulary.  There 
is  much  repetition  at  the  book's  beginning, 
with  the  frames  becoming  progressively 
more  challenging. 

This  book  is  designed  to  teach  students 
medical  terminology  through  a  process 
called  word-building.  It  can  be  used  either 
as  a  self-instruction  manual  or  with  an  in- 
structor. The  text  is  prefaced  by  learning 
objectives  and  pronunciation  guidelines,  is 
composed  of  10  units,  followed  by  7  ap- 
pendices, and  a  set  of  flash  cards.  Twenty 
full-color  plates  of  each  body  system  are 
included  at  the  beginning  of  the  book,  and 
three-color  and  black  and  white  illustra- 
tions are  interspersed  throughout  the  text. 
Unit  1  introduces  the  student  to  the  setup 
and  instructions  that  will  be  required  to  ef- 
ficiently master  subsequent  units. 
Instruction  is  clear  and  easy  to  understand. 
Each  of  the  10  units  is  composed  of  several 
frames.  Students  are  instructed  to  cover  the 
answers  to  fill-in-the-blank  statements 
with  a  sliding  card  (which  accompanies  the 
text),  removing  it  as  they  progress  through 
the  unit.  This  method  provides  students 
with  immediate  feedback.  Pronunciation 
keys  for  each  medical  term  are  included  in 
the  frame  answer  boxes.  Unit  1  also  out- 
lines the  basic  elements  of  medical  words 
for  the  learner,  including  prefix,  suffix, 
word  root,  and  combining  form.  Each  sec- 
tion in  a  unit  ends  with  a  matching  review 
and  answer  key.  Units  end  with  a  case 
study,  accompanying  audiocassette  exer- 
cise (to  assist  with  pronunciation  and 
spelling),  and  "Unit  Exercises"  (defini- 
tions, vocabulary,  and  anatomic  activity). 
Because  there  are  10  units,  this  book  is 
well  suited  for  students  enrolled  in  a  10- 
week  medical  terminology  course.  The  ap- 
pendices are  available  for  reference  and  re- 
view. Perforated  flash  cards  are  a  nice 
touch. 

The  book  is  easy  to  understand  and  to 
read.  The  use  of  immediate  feedback  is  a 
proven  learning  aid.  The  use  of  case  stud- 
ies lends  a  practical,  relevant  aspect  to  the 
text. 

Illustrations  are  clear,  colorful,  accu- 
rate, and  nicely  labeled.  Instructions 
throughout  the  text  are  easy  to  read  and  un- 
derstand, and  the  index  is  complete. 
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Appendices  are  useful,  easy  to  find,  and 
readable.  Reinforcement  and  referencing 
frames  are  provided  at  the  end  of  each  re- 
view answer  key  in  the  event  that  the  stu- 
dent is  not  satisfied  with  his  or  her  perfor- 
mance. These  are  well-organized  and  easy 
to  use. 

Also  available  is  an  Instructor's  Man- 
ual, that  provides  a  course  outline,  cross- 
word puzzles,  sample  tests,  and  trans- 
parencies. Also  included  in  either  Word- 
Perfect or  ACSII  format  is  a  complete  test 
bank.  For  those  interested  in  enhanced 
self-instruction,  a  color  computer  program 
is  available  for  use  on  IBM-compatible 
machines. 

Medical  Terminology  Simplified  is  a 
useful  and  comprehensive  text  designed 
for  the  college-level  student.  It  may  be 
used  as  part  of  a  course  or  as  a  self-instruc- 
tion manual.  The  book  is  easy  to  read  and 
understand  and  provides  much  opportunity 
for  learning  and  reinforcement  not  only 
within  the  text  but  also  through  the  use  of 
case  studies,  flash  cards,  audio  cassetes, 
and  appendices. 

Crystal  L  Dunlevy  EdD  RRT 

Assistant  Professor  & 
Director  of  Clinical  Education 

Seema  Parekh  CRTT 

Senior  Student 
Respiratory  Therapy  Division 

The  Ohio  State  University 
Columbus,  Ohio 

The  Diagnosis  and  Management  of 
Paediatric  Respiratory   Disease,  by 

Robert  Dinwiddie,  with  5  contributors. 
Hardcover.  299  pages,  illustrated.  New 
York:  Churchill  Livingstone,  1990.  $45.00. 

Dr  Dinwiddie.  a  consultant  paediatri- 
cian from  London,  is  very  thorough  and 
detailed  in  his  descriptions  of  pediatric  res- 
piratory diseases,  using  many  radiographs, 
photos,  and  diagrams  to  help  the  reader  un- 
derstand. In  addition,  he  offers  many  ex- 
amples of  disease  incidence  rates  in  the 
United  Kingdom  and  the  United  States.  All 
chapters  are  well  referenced  and  many  in- 
clude sources  of  additional  information  for 
those  interested. 

flic  book  consists  ol  14  chapters,  be- 
ginning with  the  development  of  the  lungs 
and  physiology  oi  breathing.  The  author 
works  Ins  way  through  birth  and  the 
neonatal  period,  and  then  into  a  variety  of 

pediatric  diseases  (such  as  respiratory  tract 
infections,  asthma,  aspiration  syndromes, 


pulmonary  tuberculosis,  and  ear.  nose,  and 
throat  problems).  Each  of  his  chapters  is 
succinct  and  Hows  easily  thru  a  series  of 
events.  He  is  very  thorough  in  his  details, 
giving  a  nice  overview  of  the  disease  and 
how  to  treat  it.  Generally,  this  description 
encompasses  pathogenesis  and  clinical 
features,  and  often  includes  management, 
complications,  and  other  problems.  His 
chapter  on  cystic  fibrosis  is  an  example;  it 
is  excellent  and  very  detailed.  I  found  the 
whole  chapter  to  be  interesting  to  read,  as 
were  most  of  the  chapters  of  his  book. 

This  book  does  not  necessarily  detail 
the  respiratory  care  aspects  of  pediatric 
respiratory  diseases.  It  should  be  used  as  a 
reference  book  to  obtain  the  history  and 
background  of  different  pediatric  diseases, 
but  correlating  the  information  provided 
with  current  treatment  modalities  could  re- 
sult in  a  better  understanding  of  why  we 
are  doing  what  we  are  doing. 

Brenda  Kaye  BA  RRT 

Research  Assistant 

Neonatal/Pulmonary  Research  Group 

Department  of  Respiratory  Care 

Children's  Hospital 

Oakland.  Californi 

Neonatal  and  Pediatric  Respiratory 
Care,  2nd  edition,  edited  by  Patricia  Beck 
Koff  MEd  RRT.  Donald  Eitzman  MD.  and 
Josef  Neu  MD.  Hardcover,  illustrated,  509 
pages.  St  Louis:  Mosby-Year  Book  Inc. 
1993.  $41.95. 

The  second  edition  of  Neonatal  and 
Pediatric  Respiratory  Care  reflects  the 
changes  and  advances  made  since  the  first 
edition  was  published  5  years  ago.  It  is  a 
comprehensive,  solid  text,  intended  for  se- 
rious students  of  neonatal  and  pediatric 
respiratory  care  and  should  appeal  to  respi- 
ratory care  practitioners,  nurses,  and  physi- 
cians who  specialize  or  intend  to  specialize 
in  this  area.  It  offers  an  excellent  resource 
of  pathophysiology  and  treatment  as  well 
as  practical  technical  guidance. 

The  first  two  chapters.  "Development 
of  the  Cardiopulmonary  System"  and 
"Physiologic  Development."  are  very  de- 
tailed and  thorough  and  offer  the  necessary 
foundation  for  understanding  neonatal  res- 
piratory care.  The  next  two  chapters. 
"Patient  Assessment"  and  "Radiographic 
Evaluation."  arc  excellent  chapters  to  pre- 
pare the  clinician  for  competent  patient  as- 
sessment. "Radiographic  Evaluation"  is 
probably  my  favorite  chapter  of  the  entire 
text.  The  author  combines  excellent  de- 


scriptions and  illustrations  of  chest  radio- 
graphs and  their  associated  diagnoses,  and 
provides  good  practical  advice  for  the  clin- 
ician. The  chapters  covering  diseases  are 
comprehensive,  from  neonatal  and  pedi- 
atric parenchymal  diseases  to  obstructive 
airway  diseases  in  infants  and  children. 
The  chapter  "Surgical  Lesions  of  Pediatric 
Airways  and  Lungs"  is  well  illustrated.  In 
the  chapter  entitled  "Oxygen  Therapy."  the 
author  includes  a  discussion  on 
"Hyperbaric  Oxygen  Therapy"  (HBO). 
Because  the  uses  and  benefits  of  HBO  con- 
tinue to  be  controversial,  I  am  surprised  at 
the  author's  strong  positive  statements  on 
outcomes  on  Page  244  without  adequate 
references.  The  chapters  covering  mechan- 
ical ventilation  have  been  expanded  to  in- 
clude recent  information  on  high  frequen- 
cy ventilation.  The  chapter  on  surfactant 
replacement  therapy  is  excellent  and  com- 
plete, covering  surfactant  composition  and 
unresolved  issues  not  answered  yet  in  clin- 
ical trials.  The  chapter  on  pediatric  home 
care  is  very  good,  outlining  the  discharge 
process  and  home  therapy.  The  remaining 
chapters  cover  congenital  heart  disease, 
apnea  of  prematurity,  sudden  infant  death 
syndrome,  neurological  and  neuromuscu- 
lar impairments.  ARDS  in  children,  phar- 
macology. CPAP,  arterial  blood  gases,  air- 
way care  and  chest  physiotherapy,  trans- 
port, and  developmental  outcomes. 

Overall,  this  text  is  best  described  as 
both  excellent  and  comprehensive.  I  found 
the  book  pleasantly  easy  to  read,  in  spite  of 
the  depth  and  detail  of  the  text.  The  editors 
have  maintained  good  consistency  in  form 
and  style,  which  is  admirable  considering 
there  were  39  contributors.  I  liked  the  for- 
mat of  having  "reader  objectives"  written 
at  the  beginning  of  each  chapter — a  helpful 
tool  to  organize  thoughts.  A  generous 
number  of  illustrations  are  provided,  and 
most  are  excellent;  however.  I  found  the 
use  of  tables  excessive,  to  the  point  of 
being  somewhat  tedious.  I  do  not  really 
consider  this  a  fault  because  I  recognize 
the  importance  of  the  material  presented 
and  am  not  able  to  offer  an  alternative  be- 
cause a  great  deal  of  information  included 
in  the  book  lends  itself  to  tabular  form. 
Finally.  1  consider  the  book  a  real  value. 
The  cost,  $41.95.  is  reasonable  for  such  a 
comprehensive,  quality  text. 

Theresa  Reno  BA  RRT 

Director 
Department  of  Respirator)  Care 

Bowie  Memorial  Hospital 
Bowie,  Texas 
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Calendar 
of  Events 


AARC  &  AFFILIATES 

August  17-19  in  Atlantic  Beach,  North  Carolina.  The 

NCSRC  hosts  its  16th  Annual  Symposium,  "Clinical 
Technology:  Accessing  Our  Future."  at  the  Sheraton  Resort. 
Contact  Beverly  Dukes  (704)  342-6795  or  Debby  Harlan  (704) 
379-5889. 

August  25-26  in  Jacksonville,  Florida.  The  FSRC  announces 
their  12th  Annual  River  City  Symposium  at  the  Marina  Hotel. 
Topics  include  patient-focused  care,  continuous  quality 
improvement,  and  TB/HIV  and  health  care  workers;  activities 
include  a  riverboat  cruise.  Participants  can  receive  up  to  12 
CRCE  credit  hours;  the  preregistration  deadline  was  Aug  10. 
Write  River  City  Symposium,  Cardiopulmonary  Department, 
4301  Belfort  Rd,  Jacksonville  FL  32216.  (904)  296-3716. 

September  1-2  in  Tucson,  Arizona.  The  ASRC  announces 
their  fall  educational  seminar.  The  seminar,  with  the  theme 
"Shoot  for  the  Stars,"  emphasizes  the  RCP's  place  in  the  health 
care  structure  of  the  future.  Contact  Leanna  Reece,  Program 
Director,  Pima  Medical  Institute.  3350  E  Grant,  Tucson  AZ 
85716.(602)326-1600. 

September  13  AARC  Videoconference.  The  AARC,  in  con- 
junction with  VHA  Satellite  Network,  presents  the  fifth  of  a  6- 
part  videoconference  series:  "Professor's  Rounds  in 
Respiratory  Care:  Hospital  Operational  Restructuring  and 
Respiratory  Care"  ( 1  CRCE  credit).  For  information,  call  (214) 
830-0061. 

September    14-16    in    Ocean    City,    Maryland.    The 

Maryland/District  of  Columbia  Society  of  Respiratory  Care  pre- 
sents the  13th  Annual  Conference  by  the  Sea,  at  the  Carousel 
Hotel.  The  symposium  highlights  reengineering,  benchmarking, 
and  therapist-driven  protocols.  Contact  Elgloria  Harrison  RRT 
at  (703)  497-2500,  or  Sharyon  Brown  CRTT  at  (202)  884-3125. 

September  15-16  in  Bethel,  Maine.  The  MSRC  presents  its 
annual  fall  seminar  at  the  Sunday  River  Resort.  Topics  include 
NIH  asthma  treatment/management  guidelines,  the  RCP's 
future  role  in  health  care,  pediatric  BiPAP,  case  reviews,  and 
health  care  promotion.  A  barbecue,  dance,  vendor  reception, 
and  golf  tournament  are  planned.  Participants  can  receive  up  to 
10  CRCE  credit  hours.  Contact  Garry  Michaud  RRT, 
Respiratory  Care  Department,  Penobscot  Bay  Medical  Center, 
Glen  Cove,  Rockland  ME  04841.  (207)  596-8472. 

September  22-23  in  Napa,  California.  Chapter  10  of  the 
CSRC,  the  American  Lung  Association  of  the  Redwood 
Empire,  and  the  Respiratory  Therapy  Program  at  Napa  Valley 
College  present  the  12th  Annual  Napa  Valley  Conference, 
"Current  Concepts  in  Cardiopulmonary  Care."  Contact  Kate 
Benscoter  at  (707)  253-3145. 


September  24-27  in  San  Juan,  Puerto  Rico.  The  Puerto  Rico 
Society  for  Respiratory  Care  (PRSRC)  hosts  the  Third  Latin 
American  Congress  for  Respiratory  Care  at  the  San  Juan 
Convention  Center.  Featured  presentations  cover  all  aspects  of 
critical  care  and  pulmonary  rehabilitation.  Contact  PRSRC 
President  Norma  Cruz-Hiraldo  at  (809)  764-5788. 

September  27-28  in  Honolulu,  Hawaii.  The  HSRC  announces 
its  21st  Annual  Respiratory  Care  Conference  at  the  Hilton 
Hawaiian  Village  Hotel.  Contact  Helen  Ono  RRT,  1717  Palolo 
Ave,  Honolulu  HI  96816.  (808)  547-9532,  fax  (808)  547-9535. 


OTHER  MEETINGS 

August  31-September  3  in  Christchurch,  New  Zealand.  The 

Third  Congress  of  the  Asia  Pacific  Association  for  Respiratory 
Care  presents  "Breathing  into  2001."  at  the  Christchurch  Town 
Hall.  Contact  Stephanie  K  Humphries.  The  Planit  Group 
Limited,  Event  Organizers,  201  Cambridge  Terrace, 
Christchurch,  New  Zealand.  (643)  366-5955,  fax  (643)  366- 
5944. 

September  11-13  in  Dallas,  Texas.  The  Department  of  Health 
&  Human  Services,  U.S.  Public  Health  Service,  and  the  Health 
Care  Financing  Administration  announce  the  Second  National 
Primary  Care  Conference,  entitled  "Making  Primary  Care  Work 
Under  Health  Care  Reform,"  at  the  Fairmont  Hotel.  The 
national  forum  focuses  on  changes  under  state  health  care 
reform  as  they  relate  to  primary  care  systems,  workforce  issues, 
and  needs  of  the  underserved.  Contact  Rose  Salton,  Social  and 
Scientific  Systems,  7101  Wisconsin  Ave,  Suite  1300,  Bethesda 
MD  20814.  (301)  986-4870,  fax  (301)  913-0351. 

September  26-27  in  Ann  Arbor,  Michigan.  The  University 
of  Michigan  Medical  School  sponsors  "Update  on 
Pulmonary  and  Critical  Care  Medicine"  at  the  University's 
Towsley  Center.  The  course  focuses  on  interstitial  and 
inflammatory  lung  disorders,  evolving  technologies,  and 
recent  concepts  in  pulmonary  medicine,  critical  care,  and 
infectious  diseases.  Approved  for  14  hours  of  AM  A  Category 
I  credit  of  the  American  Medical  Association's  Physicians 
Recognition  Award  program.  Write  to  Registrar,  Towsley 
Center  for  Continuing  Medical  Education,  Department  of 
Postgraduate  Medicine  and  Health  Care  Professions, 
University  of  Michigan  Medical  School,  PO  Box  1 157,  Ann 
Arbor  MI  48106-1 157. 

Sept  29-Oct  2  in  London,  Ontario,  Canada.  The  Respiratory 
Therapy  Society  of  Ontario  (RTSO)  presents  its  22nd  Annual 
Education  Forum  at  the  Radisson  Hotel.  Contact  the  RTSO 
Head  Office,  122  Cumberland  St,  Suite  200,  Toronto,  Ontario, 
Canada  M5R  1 A6.  (800)  267-2687. 
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I  J  Cardiopulmonary 

:  J  Anesthesia  Service 

)  J  Emergency  Dept 

I  Specialty 
J  Clinical  Practice 
J  Pennatal  Pediatncs 

.  3  Critical  Care 
_)  Clinical  Research 
J  Pulmonary  Functior 

.  J  Home  Care/Rehab 
3  Education 
J  Management 

i/  Position 

\.  J  Dept  Head 

I  J  Chief  Therapist 

).  J  Supervisor 

).  "J  Staff  Technician 

I  J  Staff  Therapist 

:   J  Educator 

j  J  Medical  Director 

1  J  Anesthesiologist 
_l  Pulmonologist 
J  Other  MD 

I.  J  Nurse 

'  Are  you  a  member  of 
J  Yes  2  J  No 


Type  of  Instn/Practice 
Zl  Hosp  >  500  or  more  beds 
J  Hosp  300  to  499  beds 
_)  Hosp  200  to  299  beds 
J  Hosp  100  to  199  beds 
J  Hosp  <  100  or  less  bed 
D  Skilled  Nursing  Facility 
J  Home  Care  Practice 

i,  3  School 
Department 

i  J  Respiratory  Therapy 

I  J  Cardiopulmonary 

;  J  Anesthesia  Service 

)  J  Emergency  Dept 

I  Specialty 
3  Clinical  Practice 

:   3  Pennatal  Pediatncs 

■   J  Cntical  Care 
J  Clinical  Research 

i   J  Pulmonary  Function  Lab 

i.  J  Home  Care/Rehab 
J  Education 

i   J  Management 

v*  Position 

\  J  Dept  Head 

i  J  Chief  Therapist 

",  U  Supervisor 

)  J  Stafl  Technician 

:  J  Staff  Therapist 

:  J  Educator 

i  _l  Medical  Director 

i  J  Anesthesiologist 
J  Pulmonologist 
J  Other  MD 

;  _J  Nurse 


JYes 


2  J  No 


jfe 


Information  Requests  or 
Change  of  Address 


Please  complete  the  card  below 

AARC  Membership  No.   

Old  Address 

Name  

Street  


City/State/Zip 
New  Address 

Street  


City/State/Zip 


Check  the  boxes 
below  for  information 
from  the  AARC 

□  Change  of  address 
3   AARC  Membership 

Info 

□  AARC  Catalog 

□  AARC  Position 
Statement 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL    PERMIT  NO.  604    RIVERTON,  NJ 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

AARC  PUBLICATIONS 
POBOX  1856 
RIVERTON  NJ  08077-9456 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


I...I..I.II...I...II...II.I...I..I.I.I..II...I..II 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL    PERMIT  NO.  604     RIVERTON,  NJ 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

AARC  PUBLICATIONS 
PO  BOX  1856 
RIVERTON  NJ  08077-9456 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


I. ., I. . I, II, „l„. II, nil. I.., I. .I, I, I. .II., .lull 


Return  Address 


Place 
Stamp 
Here 


AMERICAN  ASSOCIATION  FOR 
RESPIRATORY  CARE 
11030  ABLES  LN 
DALLAS  TX  75229-4593 


II...I.I.I...I.ImI.II,I,„I..I,I,I.I,I.„,II„I„II 


CPAP 


Always 

A  Step  Ahead! 

Evita  makes  work  of  breathing 
even  easier! 


0.5  t  (s) 


Occlusion-pressure 


!  P    j 

!    o  j 

:  -10: 

I  0 


Intrinsic  PEEP 


Now  Drager  provides  you  with  two  more 
powerful  tools  to  optimize  weaning  of  your 
patients. 

Introducing  Flowtrigger  without  increase  of 
expiratory  resistance,  combined  with  P01 
measurement  to  determine  the  patients 
ventilatory  drive. 

To  extend  monitoring  capabilities  Evita  now 
includes  the  ability  to  measure  Intrinsic 
Peep  with  the  display  of  Trapped  Volume. 

With  Drager  you  can  stay  one  step  ahead  in 
providing  safe,  patient  friendly  ventilation. 
For  the  difference  your  patients  can  feel, 
choose... 

Drager:  Technology  for  Life 


Drager 

Technology  for  life 

4101  Pleasant  Valley  Road     Suite  100     Chantilly,  VA  22021 
Tel  (703)  817-0100     Fax  (703)  817-0101 

Circle  101  on  reader  service  card 


,   Vedf  trie 


N. 


/")  ® 


Pediatric  Voldyne®  •  Voldyne  2500  •  Voldyne  5000 
NEW  advanced  filter  design . . . 

for  the  lowest  imposed  work  of  breathing 
of  any  volumetric  exercisers.* 

For  more  information  contact  your  Sherwood  O.R.  /  Critical  Care  Representative  or  call 

1-800-325-7472. 


'Data  on  file  at  Sherwood  Medical. 

'1992  SHERWOOD  MEDICAL  COMPANY 


TfV 


Circle  138  on  reader  service  card 


